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Executive  Summary 


Electroplating  is  perfonned  by  the  Navy 
at  approximately  36  Naval  Activities. 
Typically,  between  1,000  and  50,000 
gallons  per  day  (gpd)  of  cyanide 
wastewaters  are  generated  at 
approximately  20  of  the  36  Navy  plating 
shops.  The  Naval  Civil  Engineering 
Laboratory  (NCEL)  has  been  tasked  with 
the  development  of  alternative 
technologies  for  the  minimization  and 
cost-effective  treatment  of  cyanide  (CN-) 
laden  wastewater  generated  in  these 
shops.  Several  technologies  are  being 
considered  under  this  program  including 
ion  exchange,  electrolytic  recovery,  and 
reverse  osmosis.  NCEL  has  chosen  to 
develop  and  test  an  ion  exchange  metal 
recov^  system  to  treat  dilute  cadmium- 
cyanide  (Cd-CN)  wastewaters  which 
minimizes  the  generation  of  hazardous 
waste.  The  system  has  undergone 
laboratory-scale  studies,  pilot  system 
construction,  and  pilot-scale  testing.  This 
report  summarizes  the  results  of  the  pilot 
scale  testing  for  this  specific  technology. 

Ion  exchange  removes  the  soluble  ions  in 
water  by  exchanging  a  non-toxic  ion  for 
those  dissolved  in  the  water.  The 
advantages  of  ion  exchange  include 
nearly  100%  removal  of  heavy  metals 
from  the  wastewater,  the  potential  for 
recovery  of  the  soluble  materials,  the 
abilipr  to  reuse  the  treated  water,  and  the 
elimination  of  metal  hydroxide  sludges. 
Ion  exchange  for  the  treatment  of  Cd-CN 
wastewaters  was  pursued  because  of 
indications  that  the  Cd^-^,  as  well  as  the 
CN-,  could  be  removed  from  the 
wastewater,  and  be  recovered  and  reused 
in  the  plating  solution.  This  would  result 
in  a  net  reduction  in  water  use  as  well  as 
lower  hazardous  waste  generation. 

The  first  step  in  the  program  involved 
laboratoiy  studies  to  determine  which 
cation  and  anion  resins  would  provide  the 
best  performance  for  removal  of  Cd^-^  and 
CN-.  In  addition,  the  laboratory  studies 
evaluated  two  types  of  resin  regeneration; 
classical  chemical  regeneration  and  acid 
regeneration  followed  by  a  gas  permeable 
membrane  for  the  collection  of  hydrogen 
cyanide  (HCN)  gas.  Based  on  these 
laboratory  tests,  the  use  of  selective  cation 


and  anion  exchange  with  classical 
chemical  regeneration  was  chosen  for 
further  study  and  evaluation. 

The  results  of  the  laboratory  studies  were 
used  as  the  basis  of  design  for  the 
construction  of  a  pilot-scale  system 
which  was  install^  at  the  Noith  Island 
Naval  Aviation  Depot,  San  Diego,  CA. 
North  Island  was  chosen  as  the  host  site 
because  it  utilizes  Cd-CN  plating  to  repair 
aircraft  parts.  North  Island  NADEP 
generates  approximately  1,000  gallons  of 
Cd-CN  rinsewater  each  day. 

The  test  plan  developed  for  the  pilot 
program  called  for  processing  rinsewater 
through  the  ion  exchange  columns.  To 
generate  rinsewater,  concentrated  plating 
solution  was  diluted  to  a  resulting  Cd^-^ 
concentration  of  approximately  25  mg/1 
and  a  CN-  concentration  of  50  mg/1.  Both 
city  water  and  water  processed  through  a 
reverse  osmosis  (RO)  unit  were  used  for 
dilution.  The  pilot  system  was  operated 
with  two  cation  columns  in  series  for  the 
removal  of  the  Cd2+,  followed  by  two 
anion  colunuis  in  series  for  removal  of 
CN-.  Each  resin  column  contained 
approximately  2.5  liters  of  resin  and 
treated  approximately  500  ml/min  of 
wastewater.  The  system  was  run  over  a 
four  month  period  for  a  total  of  7  weeks. 

The  columns  were  left  on-line  until  field 
measurements  indicated  that  the 
concentration  of  Cd2+  and  CN-  in  the 
effluent  were  equivalent  to  the  influent 
concentration  or  had  become  constant. 
Samples  were  drawn  from  the  effluent  on 
a  regular  basis  and  analyzed  in  order  to 
generate  breakthrough  curves.  Figures 
ES-1  and  ES-2  are  examples  of  a  typical 
cation  and  anion  breakthrough  curve 
obtained  during  the  test  program. 

The  results  of  the  pilot  testing  indicated 
that  the  quality  of  the  dilution  water  and 
the  concentration  of  Cd2+  and  CN-  had  a 
major  effect  on  the  performance  of  the 
ion  exchange  resin.  Table  ES- 1 
summarizes  the  characteristics  of  the  city 
water,  the  RO  water,  and  the  contents  of 
Tank  T-1  (simulated  rinsewater  made  up 
with  both  city  water  and  RO  water).  The 
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*  Equiwiani  BVa  of  toad 


Figure  ES-2:  Typical  Anion  Breakthrough  Curva 
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'ntauahpul  (BM  Vakaaaa) 


Run  Summary 

Faad  ChaiaelarlzaUon 
Procaaa  Watar  •  no  Watar 
CN(mg1.)-47 
CN:Cd  Molar  Ratio -7^ 
pH  (S.U.)  •  10.5 
003(111^) -108 
S04(mgA.)>5.l 
Ci(m^)-71.4 

Column  Spaeificatlon 
Anion  BV(L)- 25 
Flow  Rata  (mUnin)  •  600 

riaatiHa 

CN  Capacity  (tnaq/L)  - 121 
Anion  Braakthrou^  (BV)  - 170 
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Tabl«ES-l:  Rinse  Watar  Characterization  Data 


pH  Cd 

(■JL)  CN  ToM  Nt 


City  Wa»f 
ROWaMr 
Pwmg  fUnM  WiM 
T-1  (CW  lowed) 
T-1  (ROWatw) 
T-1  (RO  [DO]) 

T-1  (CW  h 


—  Not  analyzed  (or 
ND  -  Not  Oetedad 
CW-dtywuer 

Source:  Arthur  0.  Little,  Inc. 


RnHEtupiaTMtll.MO  ES>3 


city  water  in  the  San  Diego  area  contains 
high  concentrations  of  Ca2+,  Na^,  SO42-, 
and  CL-  These  dissolved  solids  added  to 
the  ionic  loading  to  the  resin  and  reduced 
its  cap^ty  to  retnove  Cd2-»-  and  CN-. 

Four  different  types  of  cadmium  plating 
rinsewater  were  processed  including:  city 
water  with  low  concentration  of  Cd^-^  and 
CN-:  city  water  with  high  concentrations 
of  Cd2-*-  and  CN-  (actual  rinsewater):  RO 
water  with  low  concentrations  of 
and  CN-;  and  RO  water  treated  by  an 
electrolytic  recovei^  unit  (as  might  be 
seen  in  a  dragout  rinse). 

The  removal  of  Cd^-t-  was  successful  in  all 
cases  and  the  effluent  Cd^-^  concentration 
was  below  the  Federal  Finetreatment 
Standard  of  0.69  mg/L  (daily  maximum) 
in  most  cases.  Some  Cd^-^  leakage  did 
occur  from  freshly  regenerated  columns, 
however,  it  is  believ^  that  it  can  be 
controlled  by  performing  slower 
regeneration  sequences  and  lowering  the 
throughput  flow  rate.  The  success  of  the 
cation  resin  is  due  to  its  ability  to 
selectively  remove  the  Cd2-«-  even  in  the 
presence  of  high  concentrations  of  other 
cations  as  in  the  city  water.  The  Cd^* 
resin  capacities  followed  the  same 
relationship  as  observed  in  the  earlier 
laboratory  study:  Cd^-^  resin  capacity 
increases  as  the  non-Cd^-*^  cation 
concentration  of  the  solution  decreases; 
and  Cd2>  resin  capacity  increases  as  the 
non-Cd2•^  cation:^  molar  ratio 
decreases. 

The  removal  of  CN-,  however,  was  not  as 
successful.  The  anion  resin  is  not  as 
selective,  therefore,  much  of  the  CN- 
passed  through  the  system  into  the 
effluent.  The  effluent  concentrations 
were  above  the  Federal  Pretieatment 
Standard  of  1.2  mg/L  within  a  few  bed 
volumes  of  the  stan  of  processing.  This 
was  observed  when  using  both  city  water 
and  RO  water.  In  addition,  the  results 
showed  that  as  the  C^-  concentration 
decreased,  the  resin  CN-  capacity 
decreased  as  was  demonstrated  in  the 
previous  laboratory  study. 

Sulfuric  acid  was  used  to  regenerate  the 
cation  columns.  The  acid  regeneration 


sequence  produced  a  concentrated 
solution  of  cadmium  sulfate  (CMSO4 ) 
which  was  then  able  to  be  pressed  in 
the  electrolytic  recovery  unit  (ERU).  The 
flow  rate  of  acid,  over  the  range  tested, 
appeared  to  have  a  slight  effect  on  the 
efficiency  of  the  regeneration  procedure 
in  that  the  slower  flow  rates  resulted  in  a 
narrower  elution  curve.  The  majority  of 
the  Cd2-^  was  recovered  in  1.5  to  3  bed 
volumes  (BV)  of  total  throughput  and 
resulted  in  a  CrdS04  solution  with 
approximately  2000  mg/1  of  Cd2* 

Typical  Cd2-^  recoveries  ranged  from  75 
to  1(X)%.  Periodic  samples  were  taken 
during  regeneration  to  develop  a  bell 
curve  allowing  the  collection  of  the  most 
concentrated  solution  for  processing  in 
the  ERU.  Following  acid  regeneration, 
the  resin  was  put  into  its  sodium  form  by 
processing  sodium  hydroxide  (NaOH) 
through  the  column. 

The  anion  columns  were  regenerated  with 
NaOH.  Cyanide  recoveries  ranged  ffi>m 
12  to  15%  and  the  concentration  of  the 
NaCN  regenerant  was  low  (<500  mg/1 
CN-).  This  is  due  to  the  poor  removal  of 
CN-  by  the  resin,the  gradual 
decomposition  of  the  CN-  to  cyanate 
(C!NO-),  and  the  removal  of  CN-  from  the 
resin  during  the  initial  rinse.  In  addition, 
analysis  of  the  regenerant  solution 
showed  high  concentrations  of  the  other 
anion  species  present  in  the  rinsewater 
which  were  also  removed  on  the  anion 
resin.  These  species  included  SO42- ,  Q-, 
and  CNO-.  The  high  concentrations  of 
these  anions  and  the  low  concentration  of 
CN-  nrake  the  reuse  of  the  NaCN  solution 
in  the  plating  bath  undesirable. 

Electrolytic  recovery  tests  were 
performed  to  determine  the  feasibility  of 
recovering  Cd  metal  from  concentrated 
solutions.  Two  electrolytic  recovery  tests 
were  conducted;  one  on  the  concentrated 
CdS04  regenerant  solution,  and  one  on  a 
simulated  dragout  (DO)  solution.  The 
first  test  was  conducted  on  the 
concentrated  regenerant  (2000  mg/1  Cd2-^) 
during  which  97%  of  the  cadmium  was 
recovered.  The  solution  was  extremely 
acidic  and  resulted  in  a  powdery  deposit 
of  metal  on  the  cathode  plates.  Low 
recirculation  and  a  high  current  density 


FinMCli.ipU7Wl1lMl  E&4 


added  to  the  poor  quality  of  the  plate. 
This  can  be  improved  by  increasing  the 
pH,  lowering  the  cuirent  density,  and 
increasing  the  recirculation  rate. 

The  second  ERU  test  was  conducted  on  a 
simidated  dragout  solution  prepared  by 
diluting  concentrated  plating  solution  to  a 
CN-  concentration  of  1,800  mg/1  and  a 
Cd2-^  concentration  of  1,000  mg/1. 
Approximately  65%  of  the  cadmium  was 
recovered  before  the  test  was  terminated. 
The  recovered  Cd  metal  was  of  much 
higher  quality  than  the  previous  test, 
being  tl^  silvery  sheets.  This  is  due  to 
the  lugher  recirculation  rate,  lower 
current  density,  and  higher  pH  of  the 
cyanide  based-solution.  The  ERU  tests 
indicate  that  Cd  metal  can  be  recovered 
from  both  concentrated  regenerant 
solutions  and  dragout  solutions. 

Based  on  these  results,  a  preliminary 
design  was  prepared  of  a  full-scale 
system.  Two  systems  were  evaluated; 
one  utilizing  RO  water  for  rinsewater 
makeup  (Option  No.  1),  and  one  utilizing 
city  water  (Option  No.  2).  Both  systems 
utilize  ion  exchange  for  the  removal  of 
Cd2-*-,  however,  the  use  of  ion  exchange 
for  the  removal  of  CN-  was  not  included 
due  to  the  poor  results  seen  in  the  pilot 
study.  CN-  treatment  was  assumed  to  be 
alkaline  chlorination  which  is  part  of  die 
existing  North  Island  industrial 
wastewater  treatment  plant  (IWTP). 

Figure  ES-3  illustrates  the  block  flow 
diagram  for  Option  No.  1. 

Approximately  75%  of  the  treated  water 
is  reeled  back  to  the  Cd-CN  rinse  tank 
(or  other  rinse  tank).  In  addition,  because 
RO  water  is  used  as  make  up  to  the  rinse 
tank,  the  cation  loading  to  the  ion 
exchange  columns  is  r^uced  and  the 
volume  of  resin  required  is  less. 

Figure  ES-4  illustrates  the  block  flow 
diagram  for  Option  No.  2.  Only  city 
water  is  utilized  in  this  system  and  no 
treated  water  is  recycled.  This  results  in 
the  need  for  larger  volumes  of  resin  to 
treat  equal  volumes  of  water.  This  also 
results  in  larger  quantities  of  regenerant 
chemicals  and  larger  holding  tanks. 


A  comparison  of  the  capital  and  operating 
costs  of  the  two  Options  was  conducted. 
The  capital  costs  are  essentially  the  same. 
$210,000  for  Option  No.  1  and  204,000 
for  Option  No.  2.  The  q)erating  costs, 
however,  were  lower  for  Optitm  No.  1 
than  for  Clption  No.  2  due  to  the  recycling 
of  approximately  75%  of  the  rinsewater, 
and  the  lower  chenucal  and  power 
requirements.  Annual  tmerating  costs 
were  estimated  to  be  $68,000  fOT  Option 
No.  1  and  $71,000  for  Cation  No.  2.  It 
appears  from  this  analysis  that  RO  treated 
water,  or  water  of  similar  quality,  is 
desirable  for  use  in  plating  rinse  tanks 
when  utilizing  ion  exchange  as  a 
treatment  tec^ology. 

These  capital  and  operating  costs  were 
compared  to  costs  develop^  in  an  earlier 
study  for  a  conventional  treatment  system 
including  metals  precipitation  and 
cyanide  destruction.  The  capital  cost  was 
estimated  at  $1 15,0(X)  and  the  annual 
operating  costs  at  $47,000.  These  costs 
are  lower  than  those  developed  for  the  itm 
exchange  system,  however,  the  hidden 
costs  of  hazardous  waste  generation 
should  be  considered  when  making  a 
comparison. 
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1.0  Introduction 


The  Naval  Qvil  Engineering  Laboratory  (NCEL)  has  been  tasked  with  the  devekqxnent 
of  altentative  technologies  fiv  die  minimizatimi  and  cost-effective  treatment  of  cyuiide 
(CN* )  laden  wastewater  generated  in  Naval  plating  shops.  Under  this  program,  NCEL  is 
developing  an  ion  exchange  metal  recovery  system  to  treat  dilute  metal-CN-  wastewaters 
without  generating  hazardous  sludge. 

Laboratory  studies  were  conqileted  on  the  following  ion  exchange^metal  recovery 
^sterns:  h)  Heavj  -metal  selective  cation  exchange  in  conjunction  with  strong  base 
anion  exchange;  and  (2)  Anion  exchange/gas  membrane  (program  performed  in 
conjunction  with  the  University  of  Minnesota).  The  results  of  the  laboratory  tests 
indicated  diat  selective  cation  exchange  and  anion  exchange  systems  should  be  fiirdier 
developed  and  evaluated.  Recent  advancements  in  ion  exchange  technology  indicate  that 
^lecific  contaminants  can  be  removed  selectively.  The  unique  process  can  be  ^plied  to 
the  treatment  of  cyanide  wastewater  and  involves  the  use  of  chelating  cation  resin 
fcdlowed  by  a  strong  base  anion  resiit  Heavy  metals  such  as  cadmium  that  are  complexed 
witii  cyanide  in  an  anion  species  are  not  normally  displaced  by  sodium  in  a  cation  resin. 
However,  the  laboratory  tests  indicated  that  a  chelating  cation  resin  in  the  sodium  form 
would  break  the  metal  cyanide  complex  and  adsorb  cadmium.  Free  cyanide  passing 
tiuou^  the  resin  is  then  removed  by  a  strong  base  anion  resiiL  Regeneratitm  of  the  spent 
cation  resin  is  performed  using  sulfuric  acid,  producing  a  concentrated  metal  acid  solution 
that  is  treated  using  electrowinning  to  recover  the  cadmium  metal  for  reuse.  Regeneration 
of  the  spent  anion  resin  is  perfonned  using  sodium  hydroxide,  producing  a  concentrated 
sodium  cyanide  solution. 

Developmental  testing  and  evaluatitm  of  tiiis  technology  has  been  ctxiducted  in  several 
phases:  design  and  construction  of  a  pilot  system;  hazards  and  operability  (HA2X)P) 
analysis  of  the  pilot  system;  installation  and  qieration  of  the  pilot  system  at  North  Island 
Naval  Aviation  Depot  (NADEP);  evaluation  of  die  operating  data  collected  during  die 
pilot  testing;  econtmiic  evaluation  of  the  ion  exchange  system;  and  die  preparation  of  a 
Developmental  Test  Report  (DTR).  This  lepwt  details  the  results  of  the  developmental 
test  and  evaluation  effort  completed  at  NADEP  North  Island  tm  the  ion  exchange/tiietal 
recovery  process. 


linwch  (lll.67M1.NCEL11.M3 


1-1 


2.0  Background 


2.1  Navy  Electroplating  Operatlona 

Electroplating  is  pafonned  by  the  Navy  at  ^yproximately  36  Naval  Activities.  The 
electrq>lating  process  is  used  to  repair  parts  from  aircraft,  ships,  weapons,  and 
comnunications  systems.  Approximamly  20  of  the  36  plating  facilities  use  cyanide 
soludcNis  to  plate  metals  such  as  cadmium,  copper,  zinc,  silver,  nickel,  and  gold. 
Typically,  between  1,000  and  50,000  gallons  per  day  of  cyanide-containing  tinsewaters 
are  generated  at  the  20  plating  facilities  utilizing  cyai^  plating  operations.  The  most 
omnmon  method  of  treatment  of  these  waste  waters  is  alifaliiw  chlorination  ci  the  cyanide 
fcdlowed  by  hydroxide  precipitation  of  the  heavy  metals.  These  two  treatment  methods 
are  classic  "end  of  pipe"  technologies,  and  therefore,  do  not  provide  the  ability  to 
recover,  recycle  or  reuse  the  contaminants  (metals  and  cyani^)  or  the  treated  rinsewater. 
In  addition,  the  hydroxide  precipitation  of  heavy  metals  generates  a  metal  hydroxide 
sludge  which  must  be  disposed  of  as  a  hazardous  waste. 

In  the  past,  these  treatment  tedinologies  have  been  satisfactory  in  meeting  regulatory 
requirements  for  wastewater  discharges,  however,  it  is  likely  that  these  requirements  will 
become  more  stringent  especially  for  cadmium  and  cyanide.  In  addition,  the  Resource 
Gcmservation  and  Recovery  Act  (RCRA)  instituting  the  cradle  to  grave  management  of 
hazardous  waste  discourages  die  generation  of  any  hazardous  waste  and  mandates  the 
active  pursuit  of  source  reduction  and  waste  minimizatxm  eff(»ts  in  manufacturing 
processes.  The  study  ai  ion  exchange  and  electrolytic  recovery  fw  the  treatment  and 
reuse  of  cadmium  and  cyanide  is  an  effon  to  reduce  tire  liability  of  generating  hazardous 
waste  and  to  conqrly  witii  the  RCTRA  waste  minimization  requirements. 


2.2  Description  of  Ion  Exchange  Phenomena 

Ion  exchange  is  the  physical-chemical  process  which  ions  in  scdutim  are  transferred  to 
a  solid,  and  vice  versa.  The  ions  are  held  by  electrostatic  forces  to  charged  functional 
groups  on  the  surface  of  a  solid,  and  are  exchanged  for  imts  in  solutirm.  The  solids  are 
usually  in  the  form  of  resins,  and  consist  of  small  beads  with  functional  groups  mi  the 
surface  availaUe  for  ion  exchange.  The  charge  of  the  huictional  group  determines  the 
type  of  ion  which  is  attracted  to  it,  cation  or  anion.  (Nation  exdiange  resins  typically 
contain  sulfonic  acid  groups  which  are  negatively  charged  aixl  attract  positively  diarged 
cations.  Anion  resins  contain  amine-based  functional  groups  which  are  positively  charged 
and  are  electrostatically  attractive  to  negatively  charged  anions.  All  ion  exchange  resins 
have  fixed  imiic  groups  that  are  balanced  by  counter-ions  of  opposite  charge  to  maintain  a 
neutral  charge.  These  counter-ions  will  exchange  with  die  ions  in  scdution. 

In  the  typical  nxide  of  operation,  the  ion  exchange  resin  is  contacted  with  the  solution 
containing  the  ion  to  be  removed  until  die  active  rites  in  the  resin  partially  or  completely 
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contain  tfiat  ion  ("exhausted").  Following  the  exhaustion  step,  die  resin  is  contacted  with 
a  concentrated  solution  of  the  ion  originally  associated  widi  die  resin  to  conven 
("regenerate")  the  resin  back  to  its  original  ionic  form.  Typical  cation  regeneration 
solutitms  are  sulfuric  acid  (H2SO4)  solutions,  or  sodium  chloride  (NaQ)  solutions,  to 
rqilace  die  ion  attached  to  the  functional  group  with  ddier  or  Na*.  The  resulting 
"eluate  solution”  contains  high  concentrations  of  the  ion  removed  from  solution.  A 
similar  process  is  used  for  anion  regeneration.  Typical  regeneration  sdutitxis  far  anion 
resins  are  sodium  hydroxide  (NaOH)  or  Nad,  which  put  the  resin  into  the  OH*  or  Q* 
form. 


2.3  Previous  Laboratory  Studies 

NCEL  completed  a  screening  chelating  resins  and  an  initial  feasibili^  study  ^  tm  the 
selected  resin.  The  results  of  their  screening  indicated  diat  Rohm  and  Haas'  Amberlite 
IRC-718™,  a  macroreticular  chelating  resin,  was  not  only  the  most  effective  resin  tested 
in  breaking  the  heavy  metal  d-CN  complex,  but  also  had  die  hipest  selectivity  for  the 
Gd2-^  ion.  At  the  conclusion  of  the  screening  tests,  NCEL  recommended  die  process  be 
reviewed  further  for  technical  feasibility  in  a  laboratory  program. 

Bodi  of  the  ion  exchange  systems  proved  technically  feanble  and  capable  of  recovering 
die  Cd^-*-  and  CN-.  One  of  the  initial  concerns  regarding  the  cation/anion  exchange  system 
was  the  ability  of  the  cation  exchange  resin,  Amberlite  IRC-718^,  to  break  the  C}d>CN 
complex  and  retain  only  firee  CcP-^  on  the  resin.  The  results^  of  both  isotherm  and  column 
tests  demcMistrated  that  the  cation  resin  was  ctpable  of  breaking  the  complex  and  binding 
die  free  Cd>.  The  laboratory  tests^  also  showed  that  die  Cd^-^  capacity  of  the  resin  was 
dependent  on  the  sodium  (Na*^ )  concentration  in  die  feed  stream,  and  that  the  Cd^-^ 
capacity  increased  when:  1)  the  total  cation  concentration  of  the  solution  decreased,  even 
at  a  constant  relative  concentration  Na*^  and  Cd2-^  (molar  ratio);  and  2)  the  Nat:Cd2+ 
molar  ratio  was  small. 

The  results  of  the  laboratory  tests^  were  utilized  to  develop  a  model  to  predict  the  Cd^-^ 
resin  capacity  based  upon  the  total  cation  concentration  in  the  solution.  The  model  is 
based  upon  the  following  chemical  equaticm: 

Cd 

Kn. 

2R-  Na+  +  Cd2+  . >  R22-Cd2+  +  2Na+  (eq.  2-1) 

The  equilibrium  constant  for  this  exchange  can  be  expressed  as  follows: 

K  =  ([Cd2^lR  *  [Na^ls2)  /  ([Cd2^1s  *  [Na-^lR2)  (eq.  2-2) 
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A  median  value  of  K  was  developed  from  the  laboratory  results  and  was  used  to  sdve  for 
die  resin  capacity  in  Equation  2-2  ([Cd^'^’liO-  Figure  2*1  is  a  graph  produced  using 
this  equation  where  the  cation  concentration  is  convened  to  equivalent  Na-^  concentration. 
The  graph  indicates  that  the  resin  has  a  higher  capacity  for  Cd^-^  when:  (1 )  the  ionic 
concentration  of  the  solution  decreases,  even  though  the  relative  concentration  of  the  Na-^ 
and  Cd^t^  (molar  ratio)  remains  the  same;  and  (2)  the  Na-'-rCd^-*-  molar  ratio  decreases.  A 
similar  model  was  developed  for  tlw  CN*  resin  capaci^r  in  the  anion  column  which 
showed  that  the  CN-  resin  capacity  iiKneased  when  the  OH-  (or  total  anion  concentration) 
was  low  and  when  the  CN-  was  high. 

The  limitano)  of  the  cation/anion  exchange  system  was  the  capacity  of  the  anion  resin. 
Amberiite  IRA-4S8™.  for  free  CN-  at  the  pH  and  total  anion  concentration  found  in  the 
plating  rinsewaters.  The  resin  was  rechnically  capable  of  removing  the  CN-,  however,  the 
resin  CN-  crqiacity  was  very  low  which  results  in  frequent  regeneration.  A  second 
limitation  of  the  system  was  the  low  concentration  of  CN-  in  the  NaOH  eluate  leaving  the 
anion  bed  and  the  resulting  large  volume  of  eluate  to  be  recycled  to  the  plating  badi. 

A  second  process  was  also  investigated  which  was  based  on  past  work  by  the  University 
of  Mirmesota  This  work  suggested  that  a  regeneration  process  using  sulfuric  acid 
(H2SO4)  as  the  regenerant  and  a  gas  permeaUe  membrane  to  collect  the  hydrogen  cyanide 
(HCN)  gas  produced  would  alleviare  the  metal  hydroxide  formation  during  regeneration 
and  allow  for  the  collection  of  concentrated  metal  sulfate  and  sodium  cyanide  (NaCN) 
streams.  The  ion  exchange/gas  membrane  (IX/GM)  process  was  tested  and  the  results 
were  promising,  however,  it  was  not  selected  fra  further  study  because  of  the  inability  of 
the  process  to  bind  free  CN-  on  the  artion  resin  and  because  of  safety  concerns  about  the 
intentional  production  of  HCN  gas. 


2.4  Electrolytic  Recovery  Phenomena 

Dectrolydc  recovery  involves  die  application  of  an  electric  current  to  an  anode,  which 
pravides  excess  electrons  to  the  electrolyte  solution.  This  electric  potential  drives  the 
metal  ions  to  the  cathode  plate  where  the  excess  electrons  are  accepted  by  the  metal  ion 
and  plated  onto  the  catho^  as  elemental  metal.  The  principle  benefit  is  ^at  the  process  is 
selective,  recovering  only  the  metal  segment  in  the  waste.  In  addition,  the  physical  form 
in  which  the  metal  is  recovered,  its  base  metaUic  state,  can  be  potentially  reused  instead  of 
requiring  disposal  as  a  hazardous  waste. 

Several  resistances  may  be  encountered  that  reduce  die  efficiency  and  quality  of  die 
plating  process  and  ate  related  to  the  thickness  of  the  boundary  layer  (which  is  a  function 
of  circulation  rate),  the  bulk  concentration,  and  the  voltage.  The  typical  physical  factors 
used  to  adjust  the  rate  of  metal  depositirai  include  cell  voltage. 
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1:  Predicted  Cd^*  Resin  Capacities  Piottad  on  Cd-Cation  Equiiibrium  Curves 


Source:  Arthur  D.  Ultlo,  Inc. 


current  density,  cathode  surface  area,  agitation  or  circulation  rate,  metal  concentration  and 
solution  chemistry,  and  temperature.  These  factors  affect  the  diffusion  rate  of  metal  ions 
from  the  bulk  solution  to  tl^  cathode  surface  where  metal  ions  are  reduced  to  dieir 
metallic  state  and  are  generaUy  varied  to  obtain  the  best  conditions  for  operation.  To 
obtain  a  good  quality  deposit,  it  is  desired  to  keep  this  process  Idnetically  controlled,  as 
opposed  10  diffusion  controlled.  At  lower  current  densities,  the  metal  deposits  in  an 
or^ly  fashion,  and  the  plate  is  of  higher  quality.  This  generally  occurs  below  what  is 
termed  the  limiting  current,  or  i^.  Below  this  current,  the  process  is  idnetically  limited, 
above  this  current,  the  process  is  diffusion  limited.  An  illustration  of  the  limiting  current 
is  provided  in  Figure  2-2. 

It  is  especially  difficult  to  operate  below  it  in  the  lower  concentration  ranges  encountered 
during  waste  treatment  as  opposed  to  the  higher  concentrations  found  in  electn^lating 
process  tanks.  As  the  concentration  decreases,  the  limiting  current  also  decreases.  In 
addition,  in  acidic  solutions,  such  as  CdS04,  with  high  concentrations  of  hydronium  ions 
(H3O*’),  the  evolution  of  hydrogen  gas  is  Idnetically  favored  over  cadmium  deposition 
which  causes  a  tough  powdery  deposit  because  sites  of  bubble  growth  are  isolated  from 
the  electrolyte. 

The  Navy  has  conducted  considerable  research  on  the  use  of  electrolytic  recoveiy  as  a 
point  source  treatment  technology.  Several  Navy  facilities  are  currently  utilizing  the 
technology,  however,  it  is  not  yet  been  used  in  conjunction  with  ion  exchange  for 
removal  of  the  residual  soluble  metals. 
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Rgurt  2-2:  lllustfition  of  Limiting  Current  for  a  Fixed  Metal 
Conoantredon 


Source:  Arthur  D.  Uttie,  Inc. 
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3.0  Technical  Objective 


The  overall  objective  of  this  program  was  to  determine  die  alality  of  the  ion  exchange 
system  to  beat  and  recover  Cd^-^  and  CN-  from  plating  rinsewaters.  The  specific  objective 
of  the  pilot  test  program  is  to  utilize  the  optimum  operating  conditions  for  die  cation/anion 
exchange  system,  as  developed  in  the  laboratory^  for  treating  synthetic  wastewater,  to 
treat  actual  wastewater.  Opoation  of  the  pilot  system  will  provide  insight  into  resin 
capacity,  optimum  regeneration  conditions,  process  safety  issues,  process  monitoring, 
emergency  procedures,  and  performance  of  field  instrumentation. 

The  pilot  system  was  operated  for  approximately  seven  weeks  using  Cd-CN  wastewaters 
generated  from  NADEP  North  Island's  plating  operations  during  which  approximately  17 
cation  regeneration  cycles  and  10  anion  regeneration  cycles  were  conduct^  The  system 
was  operated  in  such  a  manner  as  to  collect  the  following  types  of  data: 

•  Cation  and  anion  resin  capacity  for  Cd2-^  and  CN- respectively; 

•  Cation  and  anion  resin  capacity  for  Cd^-^  and  CN-  for  rinsewaters  generated 
following  point  source  electrolytic  recovery; 

•  Changes  in  Cd2+  or  CN-  resin  capacity  and  removal  efficiency  after  a  number  of 
regeneration  cycles; 

•  Discharge  leakage  levels  of  Cd2+  and  CN-  after  regeneration; 

•  Concentration  of  Cd^-^  and  CN- in  the  eluate  streams; 

•  Potential  for  CN-  reco  /cry; 

•  Efficiency  of  Cd  and  sulfuric  acid  recovery  in  the  electrolytic  recovery  unit; 

•  Cation  resin  regeneration  efficiency  using  recovered  sulfuric  acid; 

•  Water/rinsewater  requirements; 

•  Energy  requirements; 

•  Material  requirements;  and 

•  Operational  issues/concems. 
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4.0  Pilot  System  Design  snd  Operation 


The  pilot  system  (designed  and  constructed  by  Arthur  D.  Little  personnel)  was  shipped 
from  Arthur  D.  Little's  Cambridge,  Massachusetts,  facility  to  Nordi  Island  as  a  skid 
mounted  unit  Arthur  D.  Little  personnel  began  assembling  the  system  on  1  April  1992. 
The  system  was  started  up  and  operand  for  seven  weeks  during  the  period  of  8  April  to 
24  July  1992.  A  total  of  13  breakthrough  curves  were  develc^)ed  for  the  cation  columns 
and  seven  breakthrough  curves  for  the  anion  columns.  In  addition,  17  regeneration 
curves  were  developed  for  the  cation  coluixuis  and  10  for  the  anion  columns.  Two 
electrolytic  recovery  runs  were  conducted  for  the  removal  of  metallic  rariiriiimi  firom 
solution. 

The  main  parameters  influencing  the  design  and  operation  of  the  pilot  system  include: 

•  Hydraulic  loading  to  columns  (influent  flow  rate); 

•  Pollutant  loading  (concentration  of  Cd^-f  and  CN-): 

•  Frequency  of  regeneration  (resin  capacity);  and 

•  Rate  of  regeneration  (regenerant  flow  rate). 

During  the  laboratory  testing  phase,  these  operational  parameters  were  varied  to 
determine  the  qitimum  conditions  for  processing  CM>(}N  wastewaters.  These  parameters 
were  utilized  to  size  the  columns  and  set  the  flow  rates  for  the  pilot-scale  system. 


4.1  System  Description 

Figure  4- 1  illustrates  the  process  flow  of  the  pilot  system.  Cd-CN  rinsewater  is  either 
transferred  directly  to  the  feed  system,  or  plating  solution  is  diluted  in  the  feed  system  to 
simulate  rinsewater.  The  rinsewater  is  then  pumped  through  the  cation  exchangers  to 
remove  die  Cd^-^  allowing  the  free  cyanide  to  pass  through  and  be  removed  in  the  anion 
exchangers.  The  system  design  includes  three  cation  columns  followed  by  three  anion 
otdumns.  Two  cation  columns  were  utilized  in  series  and  two  anion  columns  in  series. 
The  third  column  is  left  off-line  as  a  spare  and  is  put  on-line  when  the  lead  column 
becomes  exhausted.  The  polish  column  then  beeves  the  lead  column,  and  the  spare 
column  is  put  (xi-line  as  the  polish  column.  This  design  allows  two  columns  to  continue 
operating  to  maximize  resin  utilization  vtdiile  die  third  column  is  being  regenerated.  The 
columns  have  been  designed  to  minimize  the  potential  for  cross  contaminatitm  of  the  acid 
and  0*1-  bearing  rinsewaters.  (^ick  disconnect  fittings  are  utilized  to  add  flexibility  to  the 
system  configuration/qieration. 
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Regeneration  of  the  cation  columns  is  conduaed  in  several  steps.  The  column  is  rinsed  to 
displace  any  residual  cyanide,  and  is  then  regenerated  utilizing  a  10%  H2SO4  solution. 
The  most  concentrated  portirai  of  the  CdS04  solution  is  collected  in  a  tank  for  processing 
in  an  ERU  to  remove  the  Cd  metal.  The  resin  is  further  rinsed  to  displace  all  of  the  acid. 
This  is  followed  by  an  NaOH  neutralization  step  utilizing  5%  NaOH  and  then  a  final 
rinse.  Anion  columns  are  regenerated  in  a  similar  manner  utilizing  an  NaOH  solution. 

The  columns  are  rinsed  imtially.  then  the  regenerant  is  metered  into  the  column,  and  the 
column  is  rinsed  again  to  remove  any  residual  NaOH. 

During  the  operation  of  the  pilot  system,  all  treated  rinsewater  was  discharged  to  the 
industrial  wastewater  treatment  plant  (IWTP)  via  the  cyanide  sump  in  the  electroplating 
shop.  All  ccmcentrated  and  dilute  acid  eluate  and  rinse  solutions  were  collected  in  storage 
tanlu  and  pH  adjusted  prior  to  discharge  to  the  IWTP  via  the  same  cyanide  sump.  All 
concentrated  NaCN  eluate  solutions  were  removed  by  the  site  chemical  handlers.  The 
dilute  NaCN  rinses  were  discharged  to  the  IWTP. 


4.2  Basis  of  Design 

Table  4-1  shows  the  design  basis  for  the  pilot  system  which  reflects  the  information 
gathered  during  the  laboratary  testing  ph^  and  specific  conditions  found  at  the  NADEP 
North  Island  facility,  as  well  as  practical  items  for  operadng  the  system  efficiendy. 

Based  upon  these  resin  quantities  and  assumed  wastewater  concentrations,  the  lead  cation 
column  was  estimated  to  require  regeneration  every  2  to  3  days,  and  the  lead  anion 
column  every  1  to  2  days.  These  breakthrough  periods  are  dependent  upon  many  factors 
including:  pollutant  concentration,  flow  rate,  and  regeneration  efficiency.  The 
regeneration  procedures  were  developed  based  on  the  design  basis  shown  above,  the 
laboratory-scale  tests,  and  frcnn  discussions  with  Rohm  and  Haas'  technical  personnel. 


4.3  System  Installation 

The  pilot  system  was  fabricated  at  Arthur  D.  Uttle  and  shipped  to  NADEP  North  Island 
as  a  skid  mounted  unit.  Arthur  D.  Little  personnel  arrived  on  the  NADEP  North  Island 
site  to  begin  the  installation  and  stan-up  of  the  pilot  ion  exchange  system  on  1  April 
1992.  During  this  phase,  a  determination  was  made  that  the  pilot  system  was  located 
directly  above  the  general  sump  which  collects  acidic  wastewaters  ftom  the  plating  shop. 
In  order  to  prevent  any  CN'  bearing  rinsewaters  from  draining  into  this  sump,  it  was 


tmlKti  (pi.CTMI.NCELII 


4-3 


Tabi*  4-1^  Baals  of  Design 


Parameter 

Pilot  nant  Operating  Schedule 
Wastewater  input  flow  rate 
Concentration 
CN-  Ccmcentratioo 

Cation  Column 
IXameter 
Length 

Flow-through  Rate 
Hydraulic  Loading 
Resin  Capacity 
Bed  Vcdume  ^V) 

Anion  Odumn 
DLameter 
Lengdi 

Flow-through  Rate 
Hydraulic  Loading 
Resin  Capacity 
Bed  Volume  ^V) 

Bectiolytic  Recovery  Unit 

Capadty 

Cathodes 

Anodes 

Rectifier 


Quantity 

24  hrs/day  (7  days^veek) 
150  gpd 
23 

23mg/L 


Sin 

10  in 

20BV/hr 

83L/min-m2 

600meq/L 

2.2L/column 


4in 
12  in 
iOBV/hr 
*,3  LAnin-na2 
400meq/L 
2.SL/column 


20L 

1  s.f.  Stainless  Steel 
1  s.f.  Suunless  Steel 

100  A,  no  V 
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decided  that  all  tanks  associated  with  the  ion  exchange  pilot  system  be  provided  with 
secondary  containment,  and  that  all  water  containing  be  discharged  via  a  floor  drain 
directly  to  the  CN-  sump.  Piping  alterations  were  required  to  accomplish  this.  In  addidtm 
to  the  containment  tanks,  the  ion  exchange  skids  were  surrounded  with  spill  containment 
pillows  to  prevent  any  leakage  of  CN*  bearing  water  from  running  onto  the  floor  and 
possibly  entering  the  general  sutiqi.  Figure  4-2  illustrates  the  equipment  layout  of  the 
system  in  the  Building  472  Plating  Shop. 

After  assembly,  the  pilot  ion  exchange  system  was  inspected  and  approved  by  the 
NADEP  North  Island  safety  and  environmental  personnel.  Upon  completion  ci  the 
installation,  the  pilot  system  was  staxttd  up.  Arrangements  were  made  with  NADEP 
second-shift  personnel  to  periodically  inspect  the  system  up  until  0200  hours  each 
morning;  thus  allowing  the  system  to  continue  to  (^>erate  overnight  The  system  was 
operated  for  a  total  of  seven  weeks  during  the  period  of  8  April  to  24  July  1992.  Each  ion 
exchange  column  was  (^)erated  until  fleld  measurements  indicated  breakthrough,  at  which 
time  it  was  taken  off-line  and  regenerated. 


4.4  Description  of  System  Operations 

The  pilot  system  is  designed  to  treat  rinsewater  containing  Cd-CN  from  {dating 
q)erations  in  the  facility  (Photograph  4-1).  The  wastewater  to  be  treated  was  obtained 
from  two  sources;  dilu^  plating  t»th  solutions  and  actual  plating  bath  rinsewater.  Due  to 
the  fluctuations  in  concentration  of  the  actual  rinsewater.  most  of  the  tests  were  conducted 
on  diluted  plating  bath  solutions. 

Figure  4-3  is  a  piping  diagram  for  the  pilot  system  and  Photograph  4-2  presents  an 
overview  of  the  system.  The  wastewater  was  prepared  in  the  wastewater  feed  tank  (T-1), 
and  pumped  through  the  ion  exchange  columns.  The  wastewater  was  processed  through 
a  filter  to  remove  any  suspended  solids,  an  activated-carbon  column  to  reimve  any 
organic  matter  (this  step  was  not  utilized  since  organic  levels  were  already  sufficiently 
low),  then  through  the  cation  columns,  followed  by  anion  columns  in  series.  One  cation 
column  and  cme  anion  column  were  always  off-line  to  allow  for  regeneration.  The  treated 
effluent  was  then  discharged  to  NADEP  North  Island's  Industrial  Wastewater  Treatment 
Plant  (IWTP)  via  the  CN-  sump  in  Building  472.  Throughout  the  conduct  of  the  test, 
parameters  such  as  flow  rate  and  pressure  drop  along  with  concentration  data  were 
collected  (at  specified  locations  throughout  the  pilot  system)  to  allow  for  evaliration  of  dte 
process. 

Upon  breakthrough,  the  lead  anion  and  cation  columns  were  taken  off-line  and 
regenerated,  and  another  column  was  put  on-line.  The  system  had  been  ttesigned  to  allow 
the  lead  column  (both  cation  and  anion)  to  be  taken  out  of  service  for  regeneration, 
allowing  the  remaining  two  columns  to  continue  to  process  wastewater.  Upon  conq)letion 
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Figure  4-2 :  Pilot  System  Equipment  Layout  Plan 


SOURCE.  NAOEPNortiWanilmtAitwrO.LMte.lne. 


Figurt  4-3  (continued):  Legend  for  Piping  DIaspam 
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Centrifugal  Pump 
P-1  Feed  Pump 
P-2  Feed  Pump 
P-3  Transfer  Pump 
P-4  Transfer  Pump 

Gear  or  Peristaltic  Pump 
P-5  Sulfuric  Add  Pump 
P-6  Sodium  Hydroxide  Pump 

Pressure  Indicator 

Pressure  Oifrerential  Indicator 

Filter 

pH  Meter 

Ion  Specific  Meter 

Sample  Point 

Temperature  Meter 
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Bail  Valve 
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Quick  Disconnect 

Influent  Tank 

T-1  Wastewater  Feed 

Chemical  Feed  Tanks 
T-2  Sodium  Hydroxide 
T-3  Sulfuric  Add 


Effluent  Tanks 

T-4  Regenerated  Sulfuric  Add 
T-5  Dilute  Sulfuric  Add 
T-6  Concentrated  Cadmium 
Sulfate 

T-7  Regenerant  Sodium  Cyanide 
T-8  Spare  Tank 
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Source:  Arthur  D.  Little.  Inc. 


Photograph  4-2:  Ion  Exchange  Treatment  System 
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of  the  regeneration  sequence,  the  freshly  regenerated  column  was  placed  in  standby  until 
it  was  required  to  be  returned  to  service  as  the  polishing  column  (last  in  series).  This 
enabled  the  resin  in  the  retiudning  two  columns  to  be  utilized  to  their  full  capacity.  Some 
runs  were  conducted  without  a  polish  column  on-line  when  a  breakthrough  curve  fw  just 
die  lead  column  was  being  developed. 

Regeneration  of  the  cadon  columns  involves  a  downflow  rinse  step  utilizing  city  water, 
followed  by  the  regeneration  step  where  a  solution  of  10%  H2SO4  is  passed  through  the 
resin  column  to  remove  the  Gl^-^  ions  as  CdS04.  The  concentration  of  CdS04  in  the 
waste  eluate  solution  varies,  bepnning  with  very  dilute  concentraticnis,  followed  by  a 
highly  concentrated  solutitxi,  followed  by  a  dilute  concentration  again.  This  "bell  curve" 
was  charaaetized  during  the  pilot  phase  from  the  data  collected.  After  completitxi  of  the 
regeneration  phase,  a  second  rinse  is  perfcvmed  to  displace  the  H2SO4  solution  from  the 
cation  column.  Finally,  the  resin  is  neutralized  with  a  5%  NaOH  solution  to  put  the  resin 
back  in  the  "sodium"  form.  A  final  rinse  is  perfomied  to  remove  any  residual  NaOH  from 
die  column.  The  different  solutions  were  collected  in  the  Dilute  Sulfuric  Acid  Tank  (T-5). 
the  Concentrated  CdS04  Tank  (T-6)  depending  upon  the  concentration  of  Cd^-^  and  the 
pH,  and  the  Spare  Tank  (T-8).  The  redirection  of  the  wastewater  to  these  tanks  was 
controlled  manually. 

Regeneraticm  of  the  anion  columns  involves  a  similar  rinse-regeneration-rinse  sequence. 
The  regeneration  solution,  however,  is  5%  NaOH  solution.  The  resulting  eluate  contains 
varying  concentrations  of  NaCN  at  a  pH  varying  from  10  to  13.  Because  of  the  potential 
high  concentrations  of  NaCN  in  the  eluare,  it  was  collected  in  the  NaCN  Tank  (T-7) 
where  it  was  held  until  the  NADEP  Nordi  Island  chemical  handlers  emptied  the  tank. 

Two  ERUs  were  utilized  to  remove  Cd  metal  from  solution.  Photograph  4-3  shows  the 
ERU  used  to  recover  Cd  metal  from  the  cation  eluate.  Each  ERU  unit  was  operated  in  a 
batch  mode.  The  recirculation  pump  sucticxi  line  was  piped  from  the  process  tank 
discharging  to  the  unit.  The  liquid  level  would  rise  and  overflow  through  an  overflow 
pipeline  back  into  the  process  tank.  The  current  was  adjusted  as  necessary.  Each  night 
when  the  unit  was  shut  down  the  cathodes  were  removed,  rinsed,  and  scraped.  The  clean 
cathodes  were  reinserted  into  the  unit  upon  start-up  of  the  next  sequence.  The  current 
density,  agitation  rate,  and  Cd^-^  concentration  were  monitored  to  determine  the  cqierating 
conditions. 
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Photograph  4-3:  ERU  for  Cd  Metal  Removal  from  Cation  Regenerant 
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4.5  Operating  Procedures 


4.5.1  Preparation  of  Wastewater 

The  wastewater  to  be  processed  through  the  pilot  ion  exchange  system  was  collected  and 
prepared  from  two  sources:  1)  dilution  of  the  pladng  bath  solution  at  a  ratio  of 
approximately  1000:1  in  T-1;  and  2)  transfer  of  the  rinsewater  direcJy  fiom  the  plating 
bath  rinse  tai^  to  T-1. 

Plior  to  collecting  the  wastewater  samples,  the  NADEP  Nonh  Island  Shop  Materials 
Manager  was  contacted  to  ensure  that  the  collection  procedure  would  not  interrupt  nonnal 
production.  The  materials  manager  collected  all  samples  taken  from  die  plating  badi.  The 
sh(^  ehemifial  handlers  were  contacted  to  transfer  rinsewater  from  the  U-CN  rinsewater 
tank  to  Tank  T-1. 

Based  upon  an  analysis  of  the  plating  bath  solution,  approximately  1.5  liters  of  plating 
both  solution  were  diluted  with  400  gallons  in  Tank  T-1.  dor  water  was  used  to  dilute 
the  plating  solution  for  the  first  several  runs  because  city  water  is  used  in  the  rinse  tank. 
Water  processed  through  the  shop  reverse  osmosis  unit  (RO  water)  was  used  in  later  runs 
for  dilutimi  of  the  plating  bath  solution.  After  the  tank  was  filled  to  the  400  gallon  mark, 
die  mixer  was  turned  on  to  mix  the  conttnts  of  T-1.  In  addition,  the  process  pump  P-1 
was  turned  on  widi  full  recirculation  to  T-1  for  further  mixing.  After  complete  mixing, 
die  valve  positions  were  adjusted  to  pump  the  water  through  the  ion  exchange  system. 
The  average  flow  ranged  from  300  to  700  nd/oiin.  When  the  water  level  in  the  tank 
dropped  below  100  gallons,  the  process  punqi  was  shut  off  and  additional  plating  bath 
solution  was  added.  The  amount  of  solution  added  was  calculated  based  on  a  1000:1 
dilution  to  bring  the  tank  level  back  to  400  gallons. 

Runs  conducted  using  actual  rinsewater  were  scheduled  in  advance  to  allow  the  chemical 
handlers  to  perform  the  transfer  of  the  wastewater.  When  the  water  level  in  the  tank 
dropped  below  100  gallons,  the  chemical  handlers  were  contacted  again  to  transfer 
additional  wastewater.  The  Shift  Supervisor  and  Materials  Manager  were  consulted  in 
each  case  to  ensure  that  the  production  schedule  would  not  be  affected. 

A  third  set  of  runs  was  conducted  which  simulated  final  rinsewaters  generated  following 
a  plating  bath  dragouL  Approximately  60  gallons  of  RO  water  were  spiked  to  about  1000 
mg/I.  of  Cd^-*-  and  process^  through  an  ERU  for  36  hours  to  reduce  the 
concentration.  The  resulting  60  gallons  of  water  were  transferred  to  T-1  and  diluted  to  the 
400  gallon  mark  using  RO  water.  This  tank  of  water  was  then  processed  through  the  ion 
exchange  system. 

At  the  conclusion  of  all  test  runs,  any  remaining  wastewater  was  putrqied  to  the  CN- 
sump  for  transfer  to  the  IWTP.  A  new  batch  of  wastewater  was  then  prepared  for  the 
next  test  run. 
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4^.2  Preparation  of  Regeneration  Solutions 

10%  Sulfuric  Acid  Solution  -  The  Sulfuric  Acid  Chemical  Feed  Tank  (T-3)  was 
filled  with  approximately  25  gallons  of  city  water.  This  was  sufficient  to  conduct  up  to  IS 
regeneradon  sequoices  and  to  provide  enough  acid  for  cleaning  glassware.  A  10%  by 
weight  solution  of  H2SO4  was  prepared  by  adding  approximately  1.6  gallons  of  96% 
H2SO4  to  approximately  25  gallons  of  water.  The  contents  of  the  tank  were  mixed  and 
the  specific  gravity  was  then  tested  using  a  hydrometer.  Acid  or  water  was  added  until  the 
specific  gravity  was  approximately  1.07.  Proper  safety  equipment  was  utilized  including 
diemically  resistant  gloves,  face  ^ield,  ovei^  and  spli^  apron. 

One  of  die  objectives  of  the  pilot  system  was  to  detennine  whether  H2SQ4  could  be 
reused  once  the  CdP-*-  had  been  removed  in  the  electrolytic  recovery  unit  If  any  eluate 
H2SO4  was  available  after  using  the  ERU  (T-4).  it  would  be  transferred  into  the  Sulfuric 
Acid  Chemical  Feed  Tank  (T-3).  The  desired  strength  and  volume  would  then  be  adjusted 
by  adding  firesh  H2SO4  or  water  until  the  specific  gravity  was  ^proximately  1.07.  No 
dectrolytically  recovered  H2SO4  was  available,  however,  during  the  pilot  plant  runs. 

5%  Sodium  Hydroxide  Solution  -  The  Sodium  Hydroxide  Chemical  Feed  Tank  (T- 
2)  was  filled  with  approximately  25  gallons  of  city  water.  Approximately  3.7  gallons  of 
sodium  hydroxide  (50%)  was  carefully  added  to  the  tank  to  prepare  a  5%  by  weight 
solution  of  NaOR  The  contents  of  the  tank  were  mixed  and  the  specific  gravity  of  the 
contents  of  the  tank  was  tested  using  a  hydrometer.  Additional  NaOH  or  water  was  added 
until  the  specific  gravity  was  approximately  1.05.  Generally  25  to  30  gallons  was 
sufficient  for  a  diree  week  period  Again,  proper  safety  equipment  was  utilized  while 
making  up  the  solutions. 

4.5.3  Loading  Columns 

Once  the  columns  were  assembled  and  mounted  they  were  filled  and  conditioned.  The 
ion  exchange  resins  were  backwashed  to  remove  any  air  pockets,  resin  fines,  or  other 
debris.  The  resins  were  then  rinsed  and  regenerated  according  to  the  Regeneration 
Procedure  outlined  in  the  Test  Plan. 

Cation  Resin  -  Approximately  1  hour  prior  to  filling,  the  cation  resin  was  placed  in  a 
container  filled  with  water.  Approximately  2  inches  of  glass  beads  were  added  to  each 
cation  column.  The  cation  columns  were  then  filled  with  approximately  10  inches  of 
hydrated  resin.  The  columns  were  backwashed  using  flexible  hoses  connected  to  the  city 
water  supply  and  discharged  to  the  IWTP.  The  flow  was  maintained  until  aU  air  pockets 
and  particles  were  removed,  and  the  bed  was  fully  fluidized.  A  regeneration  cycle  was 
then  conducted  according  to  the  regeneration  procedure  described  in  section  4.5.5. 1  of 
this  report. 
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Anion  Resin  •  Approximately  1  hour  prior  to  filling,  the  anion  resin  was  placed  in  a 
container  filled  wiA  water.  Approximately  2  inches  of  glass  beads  were  added  to  each 
anion  column.  The  anion  columns  were  then  filled  with  approximately  12  inches  of 
hydrated  resin.  The  columns  were  backwashed  using  flexible  hoses  connected  to  the  city 
water  supply  and  discharged  to  the  IWTP.  The  flow  was  maintained  until  all  air  pockets 
and  particles  were  removed,  and  the  bed  was  fully  fluidized.  A  regeneration  cycle  was 
then  conducted  according  to  the  regeneration  procedure  described  in  Section  4.S.S.2  of 
this  report 

Activated  Carbon  -  The  activated  carbon  column  was  not  utilized  since  there  was  no 
evidence  that  the  Cd-CN  plating  tank  had  high  concentrations  of  organic  materials  or 
brighteners  in  it 

4.5.4  System  Operation 

Once  the  wastewater  batch  in  T-1  was  fully  mixed,  the  system  was  started.  The  columns 
to  be  operated  were  selected  and  the  proper  valve  positions  adjusted.  The  discharge  fiom 
die  process  pump  was  then  adjusted  to  recirculate  the  majority  of  the  flow  back  to  T-l 
and  the  remaining  desired  flow  to  the  ion  exchange  system.  The  pump  discharge  pressure 
and  flow  rate  were  checked  periodically  to  ensure  that  the  pressure  drop  across  the  filter 
had  not  exceeded  5  psi.  Periodic  samples  were  taken  fiom  T-1  to  characterize  the  feed 
stream.  Automatic  ISCO®  samples  were  utilized  to  take  hourly  samples  of  the  discharge 
fiom  the  lead  cation  and  anion  columns. 

Samples  were  also  taken  fiom  T-1  and  the  columns'  discharge  and  analyzed  using  ion 
specific  electrodes  (ISE)  and  Hach®  kit  tests.  This  information  was  used  to  determine  if 
the  column  had  reached  breakthrough.  Breakthrough  of  the  cation  column  was 
determined  to  occur  when  the  concentration  of  Cd^^  in  the  lead  cation  column  effluent 
steadily  increased  and  then  leveled  off.  Full  breakthrough  occurs  when  the  concentration 
in  the  influent  is  equal  to  the  concentration  in  the  effluent  When  it  was  determined  that  a 
column  had  brc^en  through,  it  was  taken  off-line  for  regeneration.  If  desired  another 
column  was  put  on-line. 

Breakthrough  of  the  anion  column  was  determined  to  occur  when  the  concentration  of 
CN-in  the  effluent  from  the  lead  column  steadily  increased,  and  eventually  became  equal 
to  that  in  the  influent  or  until  it  leveled  off.  When  breakthrough  occurred,  the  colunm  was 
taken  off-line  for  regeneration  and  another  column,  if  desired,  was  put  on-line. 

Utilizing  the  design  basis,  a  test  program  was  developed  to  incorporate  the  range  of 
variables  to  be  examined  and  their  effect  on  the  performance  of  the  system.  Table  4-2 
outlines  the  proposed  cation  exchange  runs  to  be  conducted  during  the  pilot  system  and 
are  based  on  different  regeneration  flow  rates.  Table  4-3  outlines  the  proposed  anion 
exchange  runs. 
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Table  4-2:  Proposed  Ion  Exchange  Test  Run  Matrix  -  Cation  Columns 
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Table  4^:  Proposed  Ion  Exchange  Test  Run  Matrix  -  Anion  Columns 

Ankm  Columm 


Sourc*:  Arthur  D.  LKtl*,  Inc. 


The  ISE  probes  were  calibrated  on  a  daily  basis.  The  liquid  level  in  all  the  process  tanks 
and  chemical  storage  tanks  was  inspected  daily  to  prevent  any  overfilling. 

4.5.5  Regeneration 

Once  a  column  exhitnted  full  breakthrou^,  it  was  taken  off-line  to  be  regenerated. 
Regeneration  consists  of  several  steps:  (1)  initial  rinsing,  (2)  chemical  regeneration,  and 
(3)  final  rinsing.  The  cation  resin  has  an  additional  neutralization  step  to  return  the  resin 
to  its  sodium  fonn  befme  the  final  rinse  step.  The  chemical  regeneration  and  rinsing  steps 
are  ctmducted  in  a  "downflow"  nKxle  to  prevent  the  resin  bed  from  expanding.  The 
process  fluid  enters  the  top  of  the  column  and  exits  at  the  bottom  of  the  column.  Table  4- 
4  shows  the  operating  parameters  chosen  for  the  regeneration  of  the  cation  and  anion 
columns. 

4.5.5.1  Cation  Column  Regeneration.  The  procedure  followed  for  regeneratkm 
of  die  cation  columns  is  outlined  below. 

Initial  Rinse 

The  city  water  supply  was  connected  to  the  top  of  the  column  and  the  discharge  hose  was 
directed  to  the  CN*  sump.  A  city  water  rinse  was  conducted  for  approximately  1  hour  to 
remove  any  CN-  in  the  column.  Approximately  18  bed  volumes  (BV)  were  processed. 

Chemical  Regeneration 

The  discharge  fiom  the  Sulfuric  Acid  Pun^>  (P-S)  was  cminected  to  the  top  of  the  column 
and  the  discharge  directed  to  the  Dilute  Sulfuric  Add  Tank  (T-S).  The  portaUe  mixer  in 
the  Sulfuric  Add  Feed  Tank  (T-3)  was  turned  on  to  agiuue  the  contents  of  die  tank.  The  ' 
flow  rate  of  the  H2SO4  solution  was  adjusted  to  200  to  1,000  ml/min.  This  rate  was  a 
variable  and  was  changed  for  several  regeneration  runs  to  detennine  the  optimum  rate  to 
achieve  a  sharp  bell  curve.  The  pH  and  volume  throughput  was  monitored  to  determine 
vrfien  the  add  broke  through  the  column.  When  the  pH  dropped  below  2,  the  sulfuric 
add  pump  was  shut  off.  This  resulted  in  ^proximately  1.8  BV  of  throughput 

Rinse 

A  slow  rinse  was  conducted  using  dty  water.  The  flow  rate  was  adjusted  to 
approximately  the  same  flow  rate  as  Ae  add  regeneration  step.  The  slow  rinse  step 
(placed  the  acid  within  the  column.  Approximately  3  BV  were  required.  The  slow  rinse 
was  discharged  to  die  Concentrated  Eluate  Tank  (T-6).  After  the  pH  had  stabilized  above 
0,  the  slow  rinse  was  stopped. 
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Tabte  4-4:  Ion  Exchange  Raganeratlon  Paramatara 


Paramatar 


Value 


Ctfioa  Columns 

Initial  Rinsc  Flow  Rate 
Initial  Rinse  Volume 


0.38L/min 

3^L 


Regeneration  Flow  Rate 
Add  Requirement 
Vdume  of  Regenerant 

Slow  Rinse  Flow  Rate 
Slow  Rinse  Volume 
Fast  Rinse  Flow  Rate 
Fast  Rinse  Volume 


0.04  >  0.08  L/min 

6>121bsH2S04/ft3 

1.87  L  10%  H2SO4  solution 

0.04  •  0.08  L/min 

1.2 

0.38  Umin 
10.5  L 


Neutralizaticxi  Flow  Rate 

NaOH  Requirement 

Volume  of  Neutralization  Solution 


0.04  •  0.08  L/tnin 

4lbsNaOH/ft3 

1.32  L  5%  NaOH  solution 


Final  Rinse  Flow  Rate 
Final  Rinse  Volume 


0.38  L/min 
2.5  L 


Anion  Columns 

Initial  Rinse  Flow  Rate 
Initial  Rinse  Volume 

Regeneration  Flow  Rate 
NaOH  Requirement 
Volume  of  Regenerant 

Slow  Rinse  Flow  Rate 
Slow  Rinse  Volume 
Fast  Rinse  Flow  Rate 
Fast  Rinse  Volume 


0.38L/inin 
7.4  L 

0.08  *0.16  L/min 

41bsNaOH/ft3 

3L 

0.08  -  0.17  L/min 
23  L 

0.38  L/min 
22L 


Source:  Arthur  D.  Little,  Inc. 
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The  next  rinse,  the  fast  rinse,  removed  any  remaining  sulfuric  acid  The  faa  rinse  was 
conducted  using  city  warer  at  a  flow  rate  approximately  equal  to  the  wastewater 
processing  rate.  The  fast  rinse  was  discharged  to  the  dilute  sulfiiric  acid  taitk  T-S.  When 
the  pH  had  stabilized  at  about  2,  the  fast  rinse  was  stq^)ed  The  usual  volume  throughput 
was  14  BV. 

Neutralization 

The  discharge  from  the  Sodium  Hydroxide  Pump  (P-6)  was  connected  to  the  top  the 
colurxm.  The  discharge  from  the  column  was  dirKted  to  the  spare  tank  T-8.  The  mixer  in 
die  Sodium  Hydroxide  Tank  (T-2)  was  turned  on  to  agitate  die  sodium  hydroxide 
stdudoa  The  flow  rate  of  NaOH  was  adjusted  to  200  to  1,000  ml/min  (die  same  as  the 
regeneration  rate),  and  allowed  to  run  until  the  pH  rose  to  above  11.  The  neutralization 
step  was  then  stepped  after  r^roximately  2  BV  were  processed. 

Rinse 

The  firutl  rinse  was  essentially  a  repeat  of  die  fast  rinse  conducted  after  the  chemical 
regeneradon  step  but  was  intended  to  remove  any  remaining  NaOH  in  the  column.  Gty 
water  was  used  at  a  flow  rate  approximately  equal  to  the  wastewater  processing  flow  rate. 
When  the  pH  had  stabilized  at  approximately  12,  the  rinse  was  stopped  and  the 
regeneradon  sequence  was  con^lete.  The  required  rinsewater  volume  for  this  step  was 
approximately  14  BV. 

4.5.5.2  Anion  Column  Regeneration.  The  procedure  followed  for  anion  column 
regeneradon  is  outlined  below. 

Initial  Rinse 

The  city  water  supply  was  connected  to  the  top  of  the  column  and  die  discharge  hose  was 
directed  to  the  CN-  sun^.  A  city  water  rinse  was  conducted  for  approximately  20  minutes 
to  remove  any  residual  process  water  in  the  column  utilizing  10  BV. 

Chemical  Regeneration 

Tl»  discharge  from  the  Sodium  Hydroxide  Pump  (P-6)  was  conneaed  to  the  top  of  the 
column  and  the  discharge  direaed  k>  the  Sodium  CN-  Quate  Tank  (T-7).  The  portable 
mixer  in  the  Sodium  Hydroxide  Tank  (T-2)  was  turned  on  to  agitate  die  contents  of  the 
tank.  The  flow  rate  of  Ae  NaOH  soludcm  was  adjusted  to  200  to  1,000  mVmin.  This  rate 
was  a  variable  and  was  changed  for  several  regeneration  runs  to  determine  die  optimum 
rate  to  achieve  a  sharp  bell  curve.  The  pH  and  volume  throughput  was  monitored  to 
determine  when  the  NaOH  was  breaking  through  the  column.  When  the  pH  rose  above 
12,  the  sodium  hydroxide  pun^  was  shut  off.  This  occurred  after  processing 
approximately  2  BV. 


4-20 


Rinse 

A  slow  linse  was  conducted  using  city  water.  The  flow  rate  was  adjusted  to 
approximately  the  same  flow  rate  as  the  sodium  hydroxide  regeneradon  step.  The  slow 
rinse  step  displaced  the  sodium  hydroxide  within  the  column.  The  slow  rinse  was 
dischar;^  to  the  Sodium  CN-  Eluate  Tank  (T-7).  After  the  pH  had  stabilized  below  13. 
the  slow  rinse  was  stcq)ped.  This  required  ^rproximately  2  BV. 

The  next  rinse,  the  fast  riitse,  removed  any  remaining  sodium  hydroxide.  The  fast  rinse 
was  ccmducted  using  city  water  at  a  flow  rate  qrproximately  equal  k>  the  wastewater 
processing  rate.  The  fast  rinse  was  discharged  to  the  Sodium  CN*  Eluate  Tank  (T-7). 
When  dte  pH  had  stabilized  at  about  12.  the  fast  rinse  was  stopped  and  the  regeneration 
procedure  was  con^lete,  usually  after  7  to  8  BV. 


4.6  Sampling  Procedures 

The  frequency  with  which  sanqtUng  occurred,  and  the  location  where  samples  were 
drawn  is  presented  in  Appendix  A.  The  samples  from  the  column  eflluent  were  primarily 
taken  using  ISCO®  samplers  programmed  to  draw  a  sample  once  per  hour.  Not  all  of 
these  samples  were  submiaed  to  the  laboratory  for  analysis.  Approximately  every  third 
sarrqrle  was  submitted. 

A  sample  was  drawn  from  die  feed  tank  T-1  for  each  new  batch  that  was  made  up  and 
analyz^  for  a  full  cation  and  anioi  characterization.  In  addition,  a  daily  sarr^le  was  taken 
to  determine  if  the  CN*  concentration  was  decreasing. 

Two  sampling  procedures  were  used  during  regeneration.  The  first  procedure  called  fOT 
sampling  every  5  to  10  minutes  while  allowing  the  remainder  of  the  flow  to  go  to  its 
proper  discharge  point  This  procedure  was  used  to  determine  the  volume  and  timing  for 
dir^ng  the  eluate  solution  to  the  electrolytic  recovery  cell. 

The  second  sampling  procedure  was  utilized  to  develop  material  balances.  In  these  runs, 
all  of  the  eluate  volume  was  collected  in  a  series  of  one-liter  bottles.  A  representative 
sample  of  these  one-liter  bottles  was  collected  and  analyzed  for  Cd^-^  and  CN* 
concentration,  and  the  time  interval  ov«r  which  they  were  collected  was  reconled.  Tliis 
allowed  the  percent  Cd^-^  and  CN-  recovery  to  be  accurately  calculated. 

Sanqrles  were  taken  from  the  ERU  overflow  line  to  measure  the  reduction  in  Cd?* 
concentration  over  time.  During  the  CN*  based  run,  additional  samples  were  taken  to 
determine  if  the  electrolytic  process  enhanced  the  oxidative  degradatimi  of  CN*. 

To  allow  for  the  identification  of  the  samples,  each  bottle  was  labeled  after  the  sample  had 
been  drawn.  The  labeling  information  included  the  date,  sample  number,  and  time  when 
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the  saixvle  was  drawn.  The  sample  numbers  were  assigned  sequentially  and  saiiq)le 
information  was  entered  into  the  sampling  log  book. 

Sandies  were  periodically  taken  and  analyzed  with  portable  ISEs  and  Hadi®  Idts.  For 
die  cadon  columns,  die  ISE  for  cadmium  detection  could  ntx  be  used  because  the  Cd-CN 
otmqilex  could  not  be  measured  widi  die  probe.  A  Hach($  Idt  was  used  to  detect  the  level 
of  in  die  column  discharge.  Cyanide  ISEs  were  also  used  for  measuring  the  level  tit 
CM*  in  the  column  effluent  The  CN*  probes  were  concentradoo-limiied  in  that  die 
electrode  would  be  consumed  in  concentrations  in  excess  of  10  mg/L  Thus,  any  samples 
above  this  concentration  required  dilutions.  A  Hach(S>  kit  was  also  used  to  measure  CN- 
and  for  sample  verification.  Photograph  4-4  shows  the  on-site  analytical  setup  for  the 
program. 

Both  the  CN-  and  Cd^-^  Hach  kits  were  colorimetric  and  required  large  dilutions  (100  to 
1000:1)  to  bring  the  sample  into  the  correct  colorimetric  range.  Because  of  these  large 
dilutions,  the  results  of  these  kits  were  used  for  engineering  control  only. 

In  (ffder  to  measure  pH,  pH  probes  were  used.  These  probes  worked  well  in  all 
applications. 
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5.0  Pilot  Test  RMUits 


5.1  Summary  of  Results 

The  objective  of  the  Ql-CN  wastewater  treatment  pilot  test  program  was  to  determine 
die  feasibility  of  cation/anion  exchange  and  electrolytic  recovery  for  the  treatment  and 
recycle  of  Cd  and  CN-  from  actual  plating  rinsewater.  The  optimum  conditions  for 
tolerating  the  ion  exchange  system,  observed  during  the  labmtory  phase  of  this  study, 
were  utilized  during  the  pilot  test  program  to  gather  insight  into  resin  capacity, 
optimum  regeneradon  condidons,  process  safety  issues,  process  monitoring,  emergency 
procedures  and  the  performance  of  on-line  instrumentadtHi.  In  addidtm,  the  pilot  study 
was  naore  specifically  focused  on  determining  the  ability  of  the  cadon/anion  exchange 
system  to  treat  the  plating  rinsewater  at  NADEP  North  Island.  To  invesdgate  the  ion 
exchange  systems'  applicability  to  North  Island,  four  different  types  of  cadmium  pladng 
rinsewater  were  processed,  including: 

•  City  water  with  low  concentradons  of  Cd^-^  and  CN*; 

•  Qty  water  with  high  concentradons  of  Cd2-»^  and  CN-  (actual  rinsewater); 

•  RO  water  with  low  concentradons  of  Cd2-^  and  CN*;  and 

•  RO  water  treated  by  an  electrolydc  recovery  unit 

Cadmium  Resin  Capacities.  The  cadon  exchange  system  proved  to  be  technically 
ctyiable  of  breaking  the  Cd-CN  complex  and  removing  and  concentradng  C(P*  from  all 
four  of  the  pladng  rinsewaters.  The  resin  capacides  from  pilot  operadons  were 
found  to  be  similar  to  the  results  found  in  the  laboratory  ion  exchange  study;  varying 
from  75  meq/L  for  Run  BC-2  (a  city  water  run  with  low  Cd^-^  concentradon  aixl  a  high 
cadon  concentradon)  to  630  meq/L  for  Run  BC-9  (a  RO  water  run  with  a  low  Cd^-^ 
concentradon  and  a  very  low  ionic  strength).  The  pilot  testing  also  demonstrated  the 
same  reladonship  between  non-Cd^-*-  cadon  concentradon  and  C^d^-^  concentradon  and 
Cd2-^  resin  capacity  as  observed  in  the  laboratory  study: 

•  Cd2-^  resin  capacity  increases  as  die  non-Cd^-^  cadon  concentradon  of  the  soludon 
decreases  (at  a  constant  non-Cd^-^  cadon:  Cd2-^  molar  lado);  and 

•  Cd2-^  resin  capacity  increases  as  the  molar  rado  of  non-CMZt-  cadons:Cd  decreases. 

The  capacity  of  the  resin  for  Cd2+,  as  predicted  by  the  laboratoiy  results,  was  shown  to 
be  affected  by  the  cadon  concentradon  of  the  water  being  used  in  die  pladng  rinse  tank. 
The  city  water  at  NADEP  North  Island  contains  high  concentradons  of  dissolved  solids 
such  as  calcium,  magnesium,  and  sodium  which  decreased  the  resin's  capacity  for  C^d^-^. 
The  results  showed  an  average  012+  resin  capacity  of  ISO  meq/L  for  the  city  water  runs 
with  low  012+  concentradon;  an  average  012+  resin  capacity  of  430  meq/L  for  the  city 
water  runs  with  a  high  012+  concentradon;  an  average  012+  resin  capacity  of  480 
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meq^  for  the  RO  water  runs;  and  a  resin  capacity  of  410  ineq/L  for  the 

elet^lyticaUy  treated  dragout  water. 

The  first  set  of  city  water  runs,  with  a  low  Gd^-^  concentradon,  had  the  lowest  G12+ 
resin  edacity  because  these  runs  on  average  had  the  highest  cation  concentration  and 
the  highett  cation:Cd  molar  ratio.  The  second  set  of  city  water  runs,  with  a  high  Cd2-^ 
concentration,  had  much  higher  Cd2-^  resin  ci4)acity  even  though  the  cation 
concentration  remained  constant  because  the  cation:Gl  molar  ratio  decreased  fiom  60 
to  30  (due  to  the  higher  concentration).  The  RO  water  runs  had  a  slightly  better 
Gd2-^  resin  capacity  than  the  second  set  of  city  water  runs  because  the  cation 
cmicentration  of  the  RO  water  runs  was  much  lower  than  the  city  water  runs;  therefore, 
tile  cationrCd  molar  ratio  was  lower,  25.  The  results  of  these  thrM  sets  of  runs  suppwts 
tile  general  conclusion  that  the  Cd2-«-  resin  capacity  increases  as  a  functitxi  of  the 
decrease  in  the  cation  concentration  and  the  cation:Cd  molar  ratio. 

However  in  contrast  to  tiie  two  sets  of  city  water  runs  and  the  RO  water  runs,  the 
electrolytically  treated  dragout  water  run  did  not  correlate  with  the  predicted  results  of 
the  labenatory  model.  The  model  predicted  a  Cd2*  resin  capacity  of  170  meq/L  and  the 
actual  pilot  plant  result  was  410  meq/L.  The  reason  for  the  diffemence  between  tiie 
predicted  and  actual  results  is  unknown. 

Cation  Regeneration.  The  regeneration  of  the  cation  columns  was  performed  at 
several  different  flow  rates  over  a  range  of  0.S  BV/hr  to  5.0  BV/hr.  llie  lower 
regeneration  flow  rates  resulted  in  a  more  concentrated  cadmium  sulfate  (C^Oa) 
solution  eluting  from  the  column  in  a  smaller  number  of  bed  volumes.  For  a  flow  rate 
of  1.1  BV/hr  and  2.2  BV/hr,  the  CdSOa  was  collected  between  U  and  2.5  bed 
volumes.  In  addition,  a  flow  rate  of  2.2  BV/hr  or  less  appeared  to  minimize  leakage  of 
€^2-^  from  freshly  regenerated  polishing  columns. 

The  apparent  recovery  during  regeneration  ranged  from  67%  to  157%  but  averaged  at 
nearly  100%.  The  concentrated  portion  of  the  regenerant  stream  was  collected  for 
processing  in  an  electrolytic  recovery  unit  (ERU)  to  recover  the  Cd2-^  as  Cd  metal.  The 
average  concentration  of  the  eluate  was  approximately  1200  mg/L  and  included  several 
thousand  mg/L  of  other  cations,  including  Na-^,  Ca2+  and  Mg2-^. 

The  concentrated  regenerant,  C^SOa,  was  collected  and  processed  through  an  ERU  for 
recovery  of  Cd  metal  Approximately  97%  of  the  cadmium  was  recovered  from  the 
solution  as  Cd  metal,  however,  the  quality  of  the  plate  was  poor.  The  quality  of  tiie 
plate  was  affected  by  the  high  current  density  applied,  the  slow  agitation  rate,  and  the 
extremely  low  pH  of  the  solution.  The  calculate  current  efficiency  was  very  low,  22%, 
indicating  that  almost  all  of  the  current  went  to  forming  hydrogen  gas.  It  is  likely  that 
the  recovered  cadmium  could  be  reused  in  the  plating  tank  (in  the  anode  bags)  or  the 
vacuum  cadmium  system  if  the  quality  of  the  plate  woe  improved.  To  improve  the 
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efficiency  and  quality  of  die  plate,  process  conditions  would  need  to  be  altered  to  raise 
die  pH  a^  increase  the  agitation. 

Cyanide  Resin  Capacities.  The  recovery  and  reuse  of  CN*  from  the  plating 
rinsewater  using  an  anion  exchange  resin  was  not  an  efficient  recovery  technology  ami 
was  eliminated  frmn  the  full-scale  design  for  two  reasons: 

•  The  high  concentration  of  non-CN*  anions  (e.g.,  CO32-,  SO42-,  Q- )  present  in  both 
the  city  water  and  the  plating  soludon  had  a  strong  negative  inqiact  on  the  CN- 
resin  capacity. 

•  The  low  affinity  of  the  anion  resin  for  CN*  produced  a  breakthrough  curve  where 
CN-  quickly  broke  through  the  resin  bed  at  Ae  regulatory  limit  (within  the  first  20 
bed  volumes)  and  then  slowly  reached  complete  breakthrough. 

Because  of  the  high  concentration  of  anions  in  the  rinsewater,  the  OH-CN  resin 
capacity  model  developed  in  the  laboratoy  study  was  invalidated  and  could  not  be  used 
10  predict  the  actual  CN*  breakthrough.  While  the  model  was  not  able  to  predict  the 
ac^  CN*  resin  capacity,  the  results  did  show  that  as  the  concentration  of  cyanide 
decreased  the  resin  CN*  capacity  decreased  as  demonstrated  in  the  labtxatmy  study. 

The  anion  columns  had  an  average  capacity  of  140  meq/L  when  using  city  water.  The 
capacity  was  slightly  increased  to  an  average  of  190  meq/L  when  utilizing  RO  water, 
however,  this  is  still  only  1S%  of  the  manufacturer's  estimate  of  total  resin  capacity. 

The  average  CN-  resin  capacity  for  the  electrolytically  treated  dragout  water  (RO  D.O.) 
was  450  meq/L.  This  higher  capacity  is  attributed  to  the  higher  CN-  solution 
ooncenttation,  180  mg/L.  The  total  anion  concentrationrCN-  ratio  for  these  runs  and  the 
RO  water  runs  are  identical,  indicating  that  CN-  solution  concentration  has  more  of  an 
effea  oa  CN-  resin  capacity  than  does  total  anion  concentration. 

As  mentioned  above,  die  low  affinity  of  the  anion  resin  for  CN-  produced  a 
bieakthrough  curve  where  CN*  quickly  broke  through  the  resin  bed  at  the  regulatory 
binit  and  then  slowly  reached  complete  breakthrough.  The  swift  breakthrough  caused 
the  polishing  column  to  also  reach  the  regulatory  breakthrough  rapidly;  therefore,  the 
anion  columns  were  quickly  out  of  compliance  with  the  Federal  Pretreatment  Standards 
for  Metal  Finishers  (compliance  limit  of  1.2  mg/L  Total  Cyanide  [TCN]  daily 
maximum  and  0.65  mg/L  average  monthly  for  existing  systems^O).  The  effluent  from 
the  polishing  column  was  unable  to  maintain  this  conqiliance  level  for  more  than  a  few 
hours  after  being  put  (Hi-line.  In  order  to  maintain  compliance  fw  even  a  complete  day 
die  volume  of  anion  resin  would  have  to  be  increased  by  a  factor  of  at  least  10. 

Anion  Regeneration.  Regeneration  of  the  anion  columns  indicated  poor  recovery  of 
the  CN*.  Recovery  of  CN*  ranged  from  12  to  15%,  and  the  concentration  of  CN-  in  the 
solution  was  approximately  650  mg/L  which  is  far  below  the  plating  bath  concentration 
of  25,000  to  30,(X)0  mg/L.  In  addition,  the  anions  (e.g.,  C1-,  CO32-,  SO42-)  which 


NCCLFInRpLr*«i.4A0 


S-3 


compete  with  the  CN-  for  removal  by  the  anion  resin  are  also  removed  during 
regeneration  (some  of  which  are  considered  contaminants  to  the  plating  bath).  The  CN* 
was  also  noted  to  degrade  in  the  feed  tank  of  the  ion  exchange  system  into  cypnares 
(CNO)  which  are  also  plating  bath  contaminants.  Thus  the  low  concentration  of  CN- 
and  the  presence  of  plating  bath  contaminants,  make  the  reuse  of  the  anion  eluate  in  the 
plating  bath  impossible  without  additional  processing. 

Because  the  CN-  solution  cannot  be  reused  direedy  in  the  plating  bath  and  the  anion 
columns  are  not  reliable  for  maintaining  compliance  with  the  regulatory  limits,  the  use 
of  ion  exchange  for  the  treatment  of  CN-  was  not  included  in  the  preliminary  design. 
Instead,  conventional  alkaline  chlorination  was  the  assumed  method  for  treating  the 
CN-  contaminated  streams  exiting  the  cation  columns. 


5,2  Column  Breakthrough  and  Resin  Capacity 

Approximately  13  cation  runs  (Table  S-1)  and  7  anion  runs  (Table  5-2)  were  conducted 
to  develop  cation  and  anion  breakthrough  curves.  Four  types  of  wastewater  were 
processed  through  the  columns  to  determine;  their  effect  on  Cd2^  and  CN-  resin 
capacity,  and  the  ability  of  the  ion  exchange  system  to  meet  regulatory  limits  for  the 
different  rinsewaters  that  North  Island  might  have  to  treat,  including: 

•  Qty  water  with  a  Cid?-*  concentration  of  approximately  22  mg/I,  and  a  CN- 
concentration  of  58  mg/L.  These  runs  were  conducted  to  demonstrate  the  ability  of 
the  cation/anion  exchange  system  to  treat  actual  plating  rinsewater  based  on  the 
operation  of  the  rinse  tanks  prior  to  the  installation  of  the  pilot  system; 

•  Qty  water  with  a  Cd2-^  concentration  of  approximately  76  mg/L  and  a  CN- 
concentration  of  77  mg/L.  These  runs  were  conducted  to  demonstrate  the  ability  of 
the  cation/anion  exchange  system  to  treat  actual  plating  rinsewater  based  on  the 
operation  of  the  rinse  tanks  after  Nordi  Island  reduced  the  volume  of  plating 
linsewater  generated  by  holding  the  rinsewater  longer  in  the  rinse  tanks.  These  runs 
were  not  performed  using  the  anion  columns  because  of  the  low  CN-  resin 
capacities  and  the  shon  time  to  reach  breakthrough  at  the  regulatory  limit  observed 
in  earlier  runs; 

•  Reverse  osmosis  (RO)  water  with  a  Cd^-^  concentration  of  approximately  28  mg/L 
and  a  <ZN-  concentration  of  48  mg/L.  These  runs  were  conducted  to  demonstrate  the 
ability  of  the  cadon/anion  exchange  system  to  treat  actual  plating  rinsewater  if  the 
over^  cation  concenrration  of  the  plating  rinsewater  were  to  be  reduced  by  using 
RO  water  instead  of  city  water,  and 

•  Electrolytically  treated  dragout  water  with  a  Cd^-^  concentration  of  approximately 
50  mg/L  and  a  CN-  concentration  of  180  mg/L.  This  run  simulated  the  treatment  of 
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Table  5-1:  Summary  of  Pilot  Test  Runs  for  Cation  Columns 
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the  plating  linsewater  by  an  electrolytic  recovery  unit  (ERU)  followed  by  treatment 
by  ion  exchange  to  remove  the  remaining  Cd^-^  and  04-. 

Table  5-3  presents  the  characterization  of  the  four  plating  rinsewaters  processed 
dirough  die  system.  The  city  water  has  a  higher  concentration  of  catitm  and  animi 
species  than  Ae  RO  water.  These  addidonal  ions  compete  with  the  Cd^-^  and  CN-  icms 
for  removal  on  the  resin,  and  affect  the  resin's  capacity.  The  actual  rinsewater  had  a 
higher  average  Cd^-^  and  CN*  concentration  because  during  the  pilot  test  program,  the 
plating  rinsewater  handling  procedures  were  changed  at  the  North  Island  facility  to 
eliminate  discharges  from  the  Cd^-^  rinse  tank  to  the  IWTP.  Because  the  plating 
rinsewater  was  no  longer  discharged  to  the  IWTP,  the  volume  of  rinsewater  generated 
by  the  facility  was  reduced  by  holding  the  water  in  the  plating  rinse  tank  for  longer 
periods  of  time.  In  some  samples,  the  total  anion  and  cation  concentrations  are  not 
equivalent  This  is  due  to  an  additional  anion  or  cation  species  which  is  present  in  die 
water  but  was  not  analyzed  for  such  as  nitrate  (NO3*)  or  potassium  (K-^) 

Breakthrough  curves  were  developed  for  both  the  cation  and  anion  columns  for  these 
four  different  rinsewaters  to  deteimine  the  capacity  of  the  resin  to  remove  either  Cd^-^ 
or  CN*.  These  curves  were  developed  by  plotting  Ae  contaminant  concentration  in  the 
column  effluent  versus  throughput  volume  (bed  volume).  When  the  concentration  of 
the  material  entering  the  column  was  equal  to  the  concentration  leaving,  the  colunm 
was  considered  to  have  reached  complete  breakthrough.  In  some  cases,  complete 
breakthrough  never  reached  the  inlet  concentration,  but  was  determined  to  occur  when 
die  effluent  had  leveled  off  at  a  constant  concentration  (see  Section  5.2. 1.3,  Operational 
Difficulties).  The  breakthrough  curves  were  also  used  to  determine  the  regulatory 
breakthrough,  which  was  the  point  where  the  effluent  contaminant  concentration 
exceeded  the  daily  maximum  regulatory  limit 

Cyanide  and  cadmium  resin  capacities  were  calculated  graphically  from  the  area  to  the 
left  of  the  breakthrough  curve  bounded  by  the  y  axis,  the  Ineakthrough  curve,  and  the 
feed  concentration.  For  those  runs  where  complete  breakthrough  was  not  reached  the 
breakthrough  curve  was  extrapolated  to  estimate  the  point  at  which  complete 
breakthrough  would  have  occurred,  to  allow  an  estimated  capacity  to  be  calculated. 

The  complete  breakthrough  volume  in  BV's  for  the  lead  column  is  reported  as  the 
volume  of  water  processed  through  die  column  until  the  Cd^-^  concentration  in  the 
effluent  reaches  Ae  feed  concentration.  The  complete-breakthrough  volume  in  BV's  for 
the  polishing  colunuis  (BC-7,  BC-9,  and  BC-13)  is  reported  as  equivalent  BV's  of  feed. 
The  equivalent  BVs  of  feed  is  a  calculated  value  that  is  derived  from  the  total  mass  of 
Cd2-^  removed  by  the  resin  on  the  polishing  column.  The  mass  of  Cd^-^  removed  in 
milligrams,  as  calculated  by  the  previously  described  graphical  method,  is  divided  by 
the  average  feed  concentration  (mg/L)  resulting  in  the  equivalent  number  of  BV  of 
wastewater  at  the  feed  concentration  that  the  polishing  column  processed.  This 
normalizes  the  complete  breakthrough  volume  of  the  polishing  columns,  since  for  much 
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Table  5^:  Rinsewater  Characterization  Data 


of  the  time  it  is  loaded  gradually  with  Cd^-^  from  the  effluent  of  the  lead  column; 
whereas  the  lead  column  is  loaded  at  the  constant  feed  concentration. 

Appendix  B  includes  the  breakthrough  curves  for  each  of  the  13  Cd^f  breakdirough 
runs  except  BC-1.  The  breakthrough  curve  for  run  BC-1  is  not  included  because 
insufficient  samples  were  collected  during  this  initial  run  to  plot  a  breakthrough  curve. 
In  addition,  complete  breakthrough  was  not  reached  for  runs  BC-3,  BC-4,  BC-S,  and 
BC-8  because  the  field  data  used  to  determine  when  breakthrough  was  occurring  were 
not  accurate  (see  Section  5.2. 1.3,  Operational  Problems);  thus  the  columns  were  taken 
off-line  prematurely.  These  runs  do.  however,  provide  indications  of  leakage  of  Cd2'^ 
fiom  the  polishing  column  and  regulatory  breakthrough.  Runs  BC-10  and  BC-1 1  did 
not  reach  full  breakthrough  because  there  was  not  a  sufficient  amount  of  water  in  T-1  to 
continue  operation  of  the  system. 

5.2.1  Cation  Column  Results 

Table  5-4  summarizes  the  cation  runs  conducted  during  the  seven-week  pilot  plant 
operation.  The  objective  of  conducting  the  runs  with  different  types  of  plating 
rinsewaters  was  to: 

•  Evaluate  Cd^-^  resin  capacity  at  different  Cd2+  and  cation  concentrations; 

•  Evaluate  the  ability  of  the  laboratory  model  to  accurately  predict  Cd^-*^  resin 
capacity; 

•  Evaluate  the  use  of  ion  exchange  u>  treat  different  types  of  actual  plating  rinsewater 
generated  from  North  Island  plating  operations; 

•  Evaluate  the  use  of  ion  exchange  for  Cd^-^  removal  and  recovery  from  dragout 
solutions  processed  in  an  electrolytic  recovery  unit; 

•  Evaluate  complianc.  vith  regulatory  limits;  and 

•  Identify  both  actual  and  potential  operational  problems. 

5.2.1 .1  Cadmium  Resin  Capacity.  The  Cd^-^  resin  capacities  (Table  5-4)  from  pilot 
lest  operations  were  found  to  be  similar  to  the  results  found  in  the  laboratory  ion 
exchange  study;  resin  capacities  varied  from  75  meq/L  for  Run  BC-2  (a  city  water  run 
with  low  Cd^-*-  concentration  and  a  high  cation  concentration)  to  630  meq/L  for  Run 
BC-9  (a  RO  water  run  with  a  low  Cd^-^  concentration  and  a  very  low  cation 
concentration). 

The  Cd^*  resin  capacities  calculated  in  the  pilot  tests  demonstrated  the  same 
relationship  between  cation  concentration  and  Cd^t^  concentration  to  012-^  resin 
capacity  as  observed  in  the  laboratory  study: 
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Table  $-4:  Summary  of  Cation  Column  Capacity 
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•  CcP-^  resin  ci^Mcity  increases  as  the  noii’CcP-^  cation  concentration  die  solution 

decreases  (at  constant  non-Cd2-«-  cation:  molar  ratio);  and 

•  CdS-*^  resin  ciqiacityincieases  as  die  non<Cd2-^cati(m:Cd2'^  molar  ratio  decreases. 

A  model  was  developed  using  laboiatoiy  data  to  predict  resin  capacities  fiom  the 
Cd2-^  cmicentration  and  concentration  of  competing  cation  species  (primarily  Na-*-).  The 
highest  cqiacides  are  achieved  at  high  CcP-^  concentration  and  low  tKMi’Cd^-^  cation 
species  concentration.  These  relationships  can  be  seen  by  the  coirelaticm  between  the 
observed  and  predicted  Cd2-^  resin  capacities  for  each  run  as  shown  in  Figure  5-1.  The 
model  closely  predicted  resin  capacities  except  Run  BC-1 1  (treatment  of  the  water 
discharged  from  the  ERU)  where  the  observed  Cd^-^  resin  c^iacity  was  420  weq/L  and 
die  predicted  capacity  was  approximately  170  meq/L.  Runs  BC-9  and  BC-13  also  had 
an  actual  Cd^-^  resin  capacity  that  was  higher  than  the  predicted  value;however,  the 
reason  frv  this  difference  is  that  die  lead  column  in  these  two  runs  was  initially  loaded 
as  a  polishing  column,  and  the  cation  concentration  from  the  lead  column  to  tte 
polishing  column  is  less  than  the  cation  concentration  of  feed  solution  which  was  used 
tt>  predict  the  actual  resin  capacity.  Use  of  the  cation  cmicentration  from  the  lead 
column  to  develop  the  predicted  value  would  have  correlated  better,  but  this  value  was 
not  available.  Figure  5-2  shows  the  actual  and  predicted  values  for  cation  resin 
capacities  for  each  type  of  rinsewater  treated.  As  demonstrated  by  the  results  shown  in 
Figure  5-2,  minimizing  the  competing  cation  concentrations  through  the  use  of  RO 
treated  rinsewater  will  provide  the  highest  Cd^-^  resin  capacity. 

As  a  result  of  the  close  correlation,  the  use  of  the  Na-Cd  equilibrium  constant 
calculated  in  the  laboratory  tests  is  a  valid  method  for  developing  full-scale  design 
parameters  for  treatment  of  the  rinsewaters  from  the  Cd^-^  plating  operations. 

Specifically  for  North  Island’s  plating  operations,  the  ability  to  treat  four  types  of 
plating  rinsewaters  was  investigated  to  determine  what  the  actual  Cd^-^  resin  c^iacity 
for  that  wastewater  would  be  and  to  evaluate  the  ability  of  the  treatment  system  to  meet 
regulatory  discharge  criteria.  The  results  for  the  Cd^-^  resin  capacity  are  presented 
below  and  the  abili^  to  meet  regulatory  discharge  criteria  are  presented  in  Section 
5.2. 1.2,  Compliance  with  Regulatmy  Limits. 

City  Water  with  Low  Cadmium  Concentration.  The  first  seven  pilot  test  runs  (Runs 
BC-1  through  BC-7)  were  based  on  analyses  of  the  North  Island  (}d-CN  plating 
rinsewater  tank  taken  during  the  design  of  the  pilot  plant  which  indicated  a  Cd^* 
concentration  of  approximately  22  mg/L.  To  generate  process  rinsewater  with  this 
concentration,  a  Nc^  Island  plating  solution  was  diluted  1:1000  to  obtain  an  average: 
Cd2-^  concentration  of  22  mg^;  C!N-  concentration  of  ryiptoxitnately  58  mg/L;  and 
cation  concentration  of  14  meq/L  (cation:Cd  molar  ratio  of  72).  The  results  of  the  pilot 
test  runs  showed  an  average  Cd2-^  resin  edacity  of  150  meq/L  and  an  average  ctanplete 
bteaktiirough  volume  of  360  bed  volumes  (BV). 
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Flgurt  5*2:  Averagt  Resin  Capacities  for  Each  Type  of  RInaa  Water  Plotted  on  Cd<<^tlon  Equillbrfum  Curves 
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Figure  5-3  presents  the  breakthrough  curves  for  Runs  BC-6  and  BC-7.  The  Cd^-*^ 
breakdtrough  curves  for  both  runs  leveled  off  prior  to  reaching  the  feed  concentration 
of  Cd^-^.  This  leveling  off  occurred  in  all  the  city  water  runs  that  reached  complete 
breakthrough;  this  phenomenom  is  discussed  fi^er  in  Section  5.2. 1.3,  Operational 
Difficulties.  The  breakthrough  curves  for  Runs  BC-6  and  BC-7  also  denxmstrate  that 
the  polishing  column  has  a  higher  Cd^-^  resin  capacity  and  complete  breakthrough 
volume  than  the  lead  column.  The  reason  for  this  difference  is  caused  by  the  fact  that 
die  polishing  column  is  initially  loaded  from  the  effluent  of  the  lead  column.  The  lead 
column  removes  some  of  the  cations  and  limits  the  cation  concentration  that  the 
polishing  colunui  must  treat;  thereby  increasing  the  polishing  column's  Cd^-^  resin 
oquicity  and  complete  breakthrough  volume,  by  lowering  the  cation:  Cd  molar  ratio. 

City  Water  with  High  Cadmium  Concentration  (actual  rinsewater).  During  the  pilot 
test  program,  the  plating  rinsewater  handling  procedures  were  changed  at  the  Ntvth 
Island  facility  to  eliminate  discharges  from  the  Cd^-^  rinse  tank  to  the  IWTP.  Because 
die  plating  rinsewater  could  no  longer  be  discharged  to  the  IWTP,  the  volume  of 
rinsewater  generated  by  the  facility  was  reduced  by  holding  the  water  in  the  plating 
rinse  tank  for  longer  periods  of  time.  This  resulted  in  an  average  Cd^-*^  concentration  of 
76  mg/L,  average  CN*  concentration  of  77  mg/L,  and  average  cation  concentration  of 
18  meq/L  (cation:Cd  molar  ratio  of  30).  To  determine  the  ability  of  the  ion  exchange 
system  to  treat  the  current  actual  conditions  in  the  plating  shop,  runs  BC-12  and  BC-13 
were  conducted  with  plating  rinsewater  taken  directly  firom  the  rinse  tank.  The  results 
of  the  pilot  plant  runs  showed  an  average  Cd^-^  resin  capacity  of  430  roeq/L  and  an 
average  complete-breakthrough  volume  of  390  BV.  The  Cd^-*^  resin  capacity  for  this  set 
of  runs  was  higher  than  for  the  other  runs  with  city  water  due  to  the  lower  cationrCd 
molar  ratio  in  this  set  of  runs. 

Hgure  5-4  presents  the  Cd^-^  breakthrough  curves  for  runs  BC-12  and  BC-13.  These 
breakthrough  curves  had  similar  features  to  the  other  city  water  runs  but  they  also 
showed  leakage  of  Cd^-^  when  the  columns  were  put  on-line.  The  leakage  is  believed  to 
have  been  caused  by  the  high  regeneration  flow  rate  (2.7  BV/hr)  and  is  discussed  in 
detail  in  Section  5.2. 1.2,  Compliance  with  Regulatory  Criteria  and  in  Section  5.3.1, 
Cation  Regeneration. 

RO  Water.  Because  of  the  high  cation  concentration  of  the  city  water  and  the  resulting 
low  resin  capacities.  Runs  BC-8  through  BC-10  were  conducted  utilizing  RO 
water  to  dilute  the  plating  solution.  The  resultant  rinsewater  had  the  following  average 
composition:  Cd2-*-  concentration  of  approximately  24  mg/L;  CN-  concentration  of 
tqiproximately  55  mg/L;  and  cation  concentration  of  6  meq/L  (cation;Cd  molar  ratio  of 
25).  The  RO  water  was  generated  at  North  Island  by  taking  city  water  and  processing  it 
tiuough  an  RO  unit  to  remove  a  significant  amount  of  the  anion  and  cation  species.  The 
RO  treatment  of  the  city  water  reduced  the  overall  cation  concentration  by  about  one- 
half.  The  results  of  the  pilot  testing  with  RO  water  showed  an  average  Cd2-«-  resin 
edacity  of  480  meq/L  and  an  average  complete-breakthrough  volume  of  1400  BV.  The 
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Figure  5-3:  Columns  C-1  and  C-2  Breakthroughs  (Runs  BC-6  and  BC-7)  6/8-5/11 
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FIgura  S4:  Columns  C-1  and  C-2  Braakthroughs  (Runs  BC-12  and  BC*13)  7/20-7/22 
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Gd^*^  resin  capacity  for  diis  set  of  runs  was  higher  than  for  the  runs  with  city  water  and 
a  low  Cd^'*’  concentration,  due  to  the  lower  cation:Gl  molar  ratio  in  this  set  of  runs. 
With  higher  Cd2>  concentration,  the  resin  capacity  of  the  RO  water  runs  was 
almost  identical  to  that  of  the  city  water  runs  because  of  the  similar  cationrCd  molar 
ratio. 

Figure  5-5  (Runs  RC-8,  RC-9,  and  RC-10)  shows  Ineakthrough  curves  for  three  runs 
conducted  in  series,  utilizing  RO  water  to  make  up  the  plating  rinsewater  batch.  The 
complete-breakthrough  volume  was  considerably  larger  than  for  the  city  water  runs  as 
predicted  by  the  laboratory  rruxlel,  due  to  the  lower  concentrations  of  competing  cations 
present  in  the  water.  In  a^don,  the  breakthrough  reached  the  feed  concentradon  for 
Run  BC-9,  and  Run  BC-8  appears  as  though  it  would  have  also  reached  the  feed 
concentradon.  It  should  also  be  noted  that  Run  BC-9  had  Cd--^  leakage  when  it  was  put 
on-line.  Like  the  other  runs  where  Cd^-*-  leakage  is  believed  to  have  been  observed,  the 
leakage  was  caused  by  the  high  sulfuric  acid  regeneradon  flow  rate  and  is  discussed  in 
detail  in  Secdon  5.2. 1.2,  Compliance  with  Regulatory  Limits  and  in  Secdon  5.3.1, 
Cadon  Regeneradon. 

Electrolyticaily  Treated  Dragout  Water.  An  addidonal  set  of  test  runs  was  conducted 
to  evaluate  the  ion  exchange  treatment  of  the  discharge  from  an  electrolydc  recovery 
unit  (ERU).  Plating  soludon  was  diluted  with  RO  water  to  approxiirrately  1000  mg/L 
Cd2-^  and  18(X)  mg/L  CN*.  The  diluted  plating  soludon  was  then  process^  through  an 
electrolydc  recovery  unit  until  the  Cd^-^  concentradon  was  reduced  to  approximately 
350  mg^  (Figure  5-6).  The  soludon  was  then  diluted  with  RO  water  in  the  feed  tank 
for  processing  through  the  ion  exchange  system  (Run  BC-1 1).  The  characterizadon  of 
die  water  showed  an  average  Cd^'*’  concentradon  of  approximately  50  mg/L,  an 
average  CN*  concentradon  of  approximately  180  mg/L,  and  an  average  cadon 
concentradon  of  20  meq/L  (cadon:Cd  molar  rado  of  43).  The  results  of  the  pilot  plant 
showed  a  Cd^-^  resin  capacity  of  420  meq/L  and  a  complete-breakthrough  volume  of 
750  BV.  The  Cd^-^  resin  capacity  for  this  set  of  runs  was  similar  to  that  of  the  RO  water 
runs  and  to  that  of  the  city  water  runs  with  the  high  concentradon;  however,  the 
laboratory  model  predicted  a  lower  Cd2+  resin  capacity  than  actually  observed.  The 
reason  for  the  difference  between  the  observed  and  pr^cted  values  is  unknown.  Figure 
5-7  presents  the  Cd2-^  breakthrough  curve  for  the  electrolydcally  treated  dragout  water 
run. 

5.2.1 .2  Compliance  with  Regulatory  Limits.  In  determining  if  the  cadon  exchange 
system  would  be  able  to  comply  with  regulatory  limits,  two  discharges  from  the 
columns  were  monitored: 

•  Leakage  of  Cd^-^  from  a  newly  regenerated  column;  and 

•  Regulatory  breakthrough  of  the  polishing  column. 
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HguM  5-5:  Columns  C-1. 0-2,  and  03  Bmakthroughs  (Runs  808, 608,  and  6010)  8/15-8/23 
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Figure  5-6:  Dragout  Simulation  ERU  Run 
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Figure  5-7:  Column  C-1  Breakthrough  (Run  BC-11)  6/24-6/25 
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The  Federal  Pretreatment  Standards  for  Metal  Finishers  (Existing  Sources)  mandates  a 
cadmium  compliance  limit  of  0.69  mg/L  for  a  daily  maximum  and  a  0.26  mg/L  for  an 
average  monthly  concentration  for  total  cadmium  in  the  effluent  from  metal  Enishing 
operadonsto.  The  effluent  from  the  cation  polishing  columns  during  pilot  testing  was 
below  this  level  for  seven  runs.  However,  cadmium  leakage  was  observed  in  excess  of 
the  daily  maximum  at  the  beginning  of  six  runs.  In  the  runs  where  leakage  was 
observed,  two  types  of  exceedances  were  noted: 

1)  The  first  sample  taken  from  the  column  had  a  Cd2-^  concentration  above  the  daily 
limit,  but  the  samples  thereafter  had  Cd^-^  concentrations  below  the  limit;  and 

2)  The  Erst  sample  taken  from  the  colunm  had  a  Cd^-^  concentration  above  the  daily 
limit,  and  the  concentration  slowly  declined  over  the  next  several  samples. 

The  first  type  of  leakage  was  probably  a  result  of  a  deadleg  in  the  piping  of  the  pilot 
system  where  water  containing  a  high  concentration  of  Cd2-^  from  the  previous  run  or 
the  regeneration  was  retained  and  ultimately  contaminated  the  first  sample.  The  second 
type  of  leakage  occurred  when  the  column  was  regenerated  at  a  flow  rate  greater  than 
2.2  BV/hour.  The  leakage  of  Cd^-^  at  the  higher  regeneration  flow  rate  was  probably 
caused  by  inefficient  regeneration  of  the  cation  resin  which  left  low  levels  of  Cd2^  on 
the  resin  to  slowly  leak  off  when  it  was  put  back  on-line.  The  slow  leakage  of 
contaminants  did  not  occur  when  a  slower  regeneration  flow  rate  was  used;  therefore,  a 
flow  rate  slower  than  2.2  BV/hr  has  been  recommended  for  the  full-scale  design.  In 
addition  to  operating  the  regeneration  at  a  lower  flow  rate,  the  full-scale  design  requires 
that  the  first  10  bed  volumes  of  effluent  from  a  new  column  be  recycled  back  to  the 
feed  tank  to  ensure  that  the  regulatory  limits  will  not  temporarily  be  exceeded  due  to 
contaminated  water  retained  in  the  column. 

Review  of  the  Cd^-^  resin  capacities  and  the  regulatory  breakthrough  of  Cd^-*^  in  the 
polishing  column  (the  point  where  the  cadmium  concentration  in  the  effluent  of  the 
polishing  column  exceeds  the  regulatory  discharge  limit)  for  both  the  city  water  and  the 
RO  water  provided  the  necessary  information  to  determine  how  each  cation  system 
would  have  to  be  operated  for  each  type  of  plating  linsewater  in  order  to  comply  with 
regulatory  limits.  Control  of  the  cation  system  when  processing  city  water  can 
accomplished  by  monitoring  the  effluent  from  the  le^  column  for  Cd2-^.  The  effluent 
from  the  polishing  column  remains  in  compliance  even  when  the  lead  column  has 
reached  full  breakthrough.  Therefore,  complete  breakthrough  of  the  lead  column 
indicates  when  the  lead  column  should  be  taken  off-line  to  be  regenerated  and  the 
polishing  column  should  be  moved  to  the  lead  column  position.  A  fresh  polishing 
coluiiui  would  then  be  put  on-line  to  ensure  compliance.  This  type  of  control  is 
desirable  in  that  it  provides  a  sufficient  backup  to  ensure  that  the  regulatory  limit  in  the 
effluent  discharge  is  continuously  met  in  the  event  the  lead  column  has  broken  through 
and  the  analytical  results  of  the  lead  column  effluent  samples  have  been  delayed. 
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Therefore,  the  three  column  arrangement  (two  columns  on-line  while  one  is  being 
regenerated)  is  satisfactory  when  processing  the  ci^  water. 

While  the  volume  of  RO  rinsewater  which  can  be  treated  before  the  regulatory  limit  is 
exceeded  is  greater  than  with  city  water,  the  effluent  from  the  polishing  column 
exceeds  the  compliance  limit  before  the  lead  coluixui  reaches  full  brealcthrough.  Thus, 
the  Cdz-t-  concentration  in  the  effluent  from  die  polishing  column  becomes  the  control 
point  when  two  columns  in  series  are  used.  This  does  not  provide  a  backup  in  the  event 
the  effluent  Cd^-^  concentration  begins  to  rise  above  the  compliance  limit  while  the 
effluent  sample  is  being  analyzed.  If  the  treated  rinsewater  is  recycled,  this  slight  rise  in 
concentration  will  not  cause  a  violation,  however,  the  system  will  require  careful 
monitoring.  One  way  to  ensure  compliance  is  to  utilize  a  four  column  airangement  with 
one  lead  column  and  two  polishing  columns,  and  one  off-line  being  regenerated.  The 
ctmtrol  point  becomes  the  effluent  from  the  first  polishing  column.  When  the  first 
polishing  column  reaches  the  regulatory  breakthrough,  the  lead  column  is  taken  off-line 
(for  regeneration)  and  a  fresh  final  polishing  columui  is  put  on-line.  This  results  in  a 
more  complicated  piping  system  and  an  increase  in  the  capital  and  operating  costs  of 
approximately  20%. 

5,2.1 ,3  Operational  Difficulties. 

On-Site  Breakthrough  Monitoring  of  (^dmium.  Three  different  analytical  methods 
were  used  for  measuring  Cd^-^  in  the  effluent  of  the  cation  columns  during  the  pilot 
program,  including: 

•  The  use  of  a  cadmium-specific  ion  electrode; 

•  Free  CN-  correlation  with  Cd-CN  complex  using  the  cyanide  Hach*  kit;  and 

•  Analysis  for  using  the  cadmium  Hach®  kit. 

The  cadmium-specific  ion  electrode  did  not  provide  any  measurement  of  the  Cd^-^ 
concentration  in  tiie  effluent  because  it  could  not  detect  the  Cd^^  that  was  complexed 
with  CN-.  The  second  method  involved  the  measurement  of  the  free  CN-  concentration 
finm  the  cation  column  effluent  This  method  is  based  on  the  dissociation  of  the  Cd-CN 
complex  by  the  resin.  The  fire  CN*  concentration  in  the  effluent  will  be  higher  when 
Ckl^-^  is  not  present,  but  will  decrease  as  Cd^-^  concentration  increases  in  the  effluent, 
due  to  binding  of  free  CN*  with  Cd^-^.  This  method  was  not  sensitive  enough  to 
determine  the  change  in  free  CN-  concentration  as  breakthrough  began  and  therefore 
gave  an  inaccurate  indication  of  Cd^-^  breakthrough. 

The  third  method  was  the  most  successful,  and  involved  the  use  of  a  cadmium  test  kit 
by  Hach®  which  utilized  chemical  reagents  that  react  with  the  Cd^-^  causing  a  color 
change  which  could  be  measured  by  a  colorimeter.  The  method  was  successful,  but  not 
completely  reliable.  Some  errors  were  encountered  due  to  the  sensitivity  of  the  test 
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method  which  ranged  from  1  to  70  ^ig/L,  and  thus  required  large  and  accurate  dilutions 
for  each  sample.  The  high  sensitivity  of  the  test  proc^ure  required  that  all  glassware 
used  for  the  test  be  washed  with  an  acid  solution  to  prevent  cross-contamination  from 
previous  samples.  The  combination  of  high  sensitivity,  acid  cleaning  requirements,  and 
the  available  facilides  at  the  pilot  plant  for  cleaning  glassware  promoted  emxs  and 
dius  did  not  always  provide  an  accurate  indicadon  of  breakthrough.  In  addidon  to  the 
sensidvity  of  the  test,  the  method  required  the  use  of  several  chemical  reagents  which 
are  considered  hazardous,  including:  chloroform,  cyanide,  and  dithizone.  These 
hazardous  reagents  require  careful  handling  and  proper  disposal. 

Because  of  the  difficuldes  monitoring  for  Cd^-t^  in  the  effluent  from  the  cadon  columns, 
some  runs  were  inadvertendy  stopped  before  coiiq)lete  breakthrough;  however,  a 
greater  concern  is  the  selecdon  of  an  analydeal  method  for  use  in  a  full-scale  system  to 
ensure  that  the  ion  exchange  treatment  system  effluent  is  in  compliance  with  discharge 
reguladons.  Based  on  the  results  of  the  pilot  tests,  the  cadmium  test  Idt  Hach*  is  the 
best  method  for  on-site  analysis  although  a  hood  and  adequate  analydeal  glassware 
would  have  to  be  supplied  if  the  method  were  used  to  monitor  a  full-scale  system.  The 
recommended  method  for  monitoring,  however,  would  be  an  airangement  with  an 
analydeal  laboratory  on  the  base  or  with  a  laboratory  close  by  to  perfonn  the  effluent 
analyses  quickly  (24-hour  turnaround)  udlizing  either  atomic  absoipdon  (AA)  or  an 
inducdvely  coupled  plasma  (ICP)  spectrometer  (as  was  used  to  develop  the 
breakthrough  curves  for  this  pilot  test  program). 

Flow  to  the  Ion  Exchange  System.  During  the  operadon  of  the  pilot  system,  the  flow 
rate  from  the  feed  tank  to  the  ion  exchange  system  fluctuated  due  to  (1)  buildup  of 
suspended  solids  in  the  feed  filter,  (2)  varying  pressure  drops  depending  upon  the 
column  configuradon,  and  (3)  varying  levels  of  water  in  the  feed  tank  (T-1).  Constant 
attendon  and  adjustment  was  required  to  maintain  a  constant  flow  rate,  and  when  the 
system  was  left  unattended  during  the  night,  the  flow  rate  often  decreased  significandy. 
To  account  for  the  variadon  in  the  flow  rate,  the  rate  was  set  higher  at  night  to 
compensate  for  the  andcipated  gradual  decrease. 

The  fluctuadon  in  the  flow  rate  made  it  difficult  to  control  the  actual  flow  rate  during 
any  given  run.  Therefore,  an  average  flow  rate  was  calculated  for  each  column  by 
dividing  the  quandty  of  wastewater  processed  through  the  column  by  the  length  of  dme 
the  column  was  on-line.  It  is  important  to  note,  however,  that  columns  that  were  on-line 
together  during  a  pordon  of  a  run  may  have  different  average  flow  rates  since  each 
column  was  not  on-line  for  the  same  length  of  dme  and  processed  different  amounts  of 
water. 

An  addidonal  concern,  related  to  the  flow  rate  to  the  ion  exchange  system,  is  the 
amount  of  suspended  solids  in  the  feed  and  the  number  of  filter  cartridges  that  would  be 
needed  during  condnuous  operadon.  During  the  runs  with  city  water,  the  filters  were 
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changed  every  125  to  250  gallons  of  throughput  or  when  the  upstream  pressure 
reached  5  to  6  psig.  The  RO  water  runs  used  significantly  fewer  filters  because  the 
concentration  of  solids  in  the  water  was  lower.  During  these  runs,  the  filters  were 
changed  every  800  gallons  throughput  or  when  the  upstream  pressure  reached  5  to  6 
psig. 

Leveling  Off  of  Cadmium  Breakthrough.  During  the  runs  which  utilized  city  water, 
die  concentradon  of  Cd^-^  in  the  effluent  of  the  lead  column  steadily  rose  until  it  leveled 
off.  The  concentradon  at  which  Cd>  leveled  off,  however,  was  approximately  33% 
lower  than  the  feed  concentradon.  This  is  shown  in  Figure  5*3  which  illustrates 
columns  C-1  and  C-2  operadng  in  series  (Runs  BC-6  and  BC-7).  The  leveling  off  of  the 
Cd2-^  breakthrough  was  found  to  be  a  common  occurrence  for  all  nuts  udUzing  city 
water  including  runs  BC-12  and  BC-13  which  udlized  actual  plating  rinsewater.  Tlie 
concentradon  leveled  off  at  20  to  30  mg/L  below  the  feed  concentradon  for  BC-12  and 
BC-13  which  was  approximately  33%  lower  than  the  feed  concentradon.  Figure  5-4 
illustrates  runs  BC-12  and  BC-13  (colutrms  C-1  and  C-2  in  series). 

To  determine  whether  or  not  there  was  a  cadmium  precipitate  being  removed  in  the 
process  filter  ahead  of  the  process  pump  which  would  account  for  the  low  breakthrough 
concentradons.  both  total  and  dissolved  Cd^-^  were  analyzed  for  in  the  feed  tank  T-1 
during  the  city  water  runs.  Table  5-3  shows  that  the  dissolved  and  total  Cd2-*^ 
concentradons  are  idendcal  and  therefore,  the  filter  could  not  have  caused  the  low 
breakthrough  concentradons.  The  conclusion  can  be  drawn  that  the  ion  exchange 
columns  removed  the  portion  of  Cd^'*'  after  the  effluent  concentration  had  leveled  off. 

The  removal  of  this  portion  of  the  Cd^-^  by  the  colurrms  is  further  supponed  by  the  CcP-*- 
recovery  data  developed  from  the  regeneration  curves  and  discussed  in  Section  5.3.1  of 
this  report.  When  only  the  Cd2^  loading  based  on  the  breakthrough  concentration  was 
taken  into  account,  the  percent  recovery  from  regeneration  was  much  greater  than 
100%.  However,  when  the  entire  loading  (based  on  the  feed  concentration)  was 
taken  into  account,  the  recoveries  approached  1(X)%. 

The  cause  of  the  lower  concentrations  in  the  efiluent  stream  at  breakthrough  is 
unknown;  however,  the  cause  could  be  either  an  interference  with  the  analytical  method 
or  a  removal  mechanism  other  than  on  the  ion  exchange  resin  active  sites.  It  is 
postulated  that  the  Cd^-^  may  be  reacting  with  the  residual  NaOH  left  in  the  column 
from  the  regeneration  phase,  forming  an  insoluble  species  such  as  cadmium  hydroxide 
[G1(0H2)]  or  cadmium  carbonate  (CdC03).  This  cannot  be  substantiated,  however, 
since  the  same  phenomenon  is  not  exhibited  in  the  RO  water  runs  where  the  pH  aiul 
CO32-  is  even  higher. 
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Anion  Column  Results 

Table  5-5  summarized  the  seven  anion  exchange  runs  conducted  during  die  seven>week 
pilot  plant  operation.  The  objectives  of  amdacung  numerous  runs  at  varying  conditions 
were  as  follows: 

•  Evaluate  CN-  resin  capacity  at  different  CN-  and  anion  concentrations; 

•  Evaluate  the  ability  of  the  laboratory  model  to  accurately  predict  CN-  resin 
capacity; 

•  Evaluate  the  potential  for  CN-  recovery  and  reuse: 

•  Evaluate  the  use  of  ion  exchange  for  CN-  removal  and  recovery  from  dragout 
solutions  processed  in  an  electrolytic  recovery  unit; 

•  Evaluate  compliance  with  regulatory  limits;  and 

•  Identify  both  actual  and  potential  operational  problems. 

5.22.1  Cyanide  Resin  Capacity.  Because  of  the  high  concentration  of  odier  anions 
in  the  rinsewater,  the  OH-CN-  resin  capacity  model  developed  in  the  laboratory  study 
was  not  valid  and  could  not  be  used  to  predict  the  actual  CN-  breakthrough.  While  the 
model  was  not  able  to  predia  the  actual  CN-  resin  capacity,  the  results  did  show  that  as 
the  cyanide  concenration  decreased,  the  resin  capacity  decreased,  as  denoonstrated  in 
the  laboratoty  study. 

The  pilot  test  also  demonstrated  that  the  high  concentration  of  other  anions  coupled 
with  a  low  affinity  of  the  anion  resin  for  CN-  produced  a  breakthrough  curve  where  CN- 
quickly  broke  through  the  resin  bed  at  the  regulatory  limit  and  then  slowly  reached  the 
complete  breakthrough.  The  swift  breakthrough  caused  the  polishing  column  to  also 
reach  the  regulatory  breakthrough  rapidly,  usually  widiin  20  to  30  bed  volumes; 
therefme,  the  anion  columns  were  quickly  out  of  compliance  with  the  Federal 
Pretreatment  Standards  for  Metal  Finishers  (compliance  limit  of  1.2  mg/L  Total 
Cyanide  [TCN]  daily  maximum  and  0.65  mg/L  average  monthlytO).  The  effluent  from 
the  polishing  column  was  unable  to  maintain  this  compliance  level  for  more  than  a  few 
hours  after  being  put  on-line.  In  order  to  maintain  compliance  for  even  a  complete  day 
the  volume  of  anion  resin  would  have  to  be  increased  by  a  factor  of  at  least  10. 

City  Water  with  a  low  CN-  Concentration.  The  first  three  pilot  plant  runs  were  based 
on  analyses  of  the  North  Island  Cd-CN  plating  rinsewater  tank  taken  during  the  design 
of  the  pilot  plant  which  indicated  a  CN-  concentration  of  approximately  58  mg/L.  To 
generate  process  rinsewater  with  this  concentration,  plating  solution  was  diluted  1;1(X)0 
with  city  water  to  obtain  an  average  CN-  concentration  of  58  mg/L,  an  average 
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Tabto  Sunumry  Anion  Column  Capacity 


Cd^-^  concentration  of  approximately  22  mgA-,  and  an  average  anion  concentration  of 
14  tneq/L.  The  average  CN-  resin  capacity  for  the  city  water  runs  was  approximately 
140  meqA^  and  had  a  complete-breakthrough  volume  of  130  BV;  however,  in  the  runs 
where  a  breakthrough  curve  was  developed,  the  first  saiiq)le  from  the  column  exceeded 
the  daily  regulatory  limits  (CN-  concentration  of  1^  mgA<).  This  quick  regulatmy 
bieakdirough  (an  average  of  12  BV)  significantly  limits  the  ability  to  use  the  anion 
exchange  system  to  treat  the  plating  rinsewater  and  comply  with  Ae  regulauwy  limiL 
Figure  5-8  presents  the  breakthrough  curve  for  Run  BA-3. 

RO  Water.  Because  of  the  high  anion  concentration  of  the  city  water  and  the  resulting 
low  CN-  resin  capacities,  runs  BA-4  and  BA-S  were  conducted  utilizing  RO  water  to 
dilute  the  plating  solution  to  an  average  CN-  concentration  of  approximately  48  mg/L, 
an  average  Cd^-*-  concentration  of  approximately  28  mg/L,  and  an  average  anion 
concentration  of  6  meq/L.  The  RO  water  was  generated  at  North  Island  by  taking  ci^ 
water  and  processing  it  through  an  RO  unit  to  remove  a  significant  amounts  of  the 
anion  and  cation  species.  The  treatment  of  the  city  water  halved  the  anion 
concentration.  The  results  of  the  pilot  plant  runs  with  RO  water  showed  an  average  CN- 
resin  capacity  of  190  meq/L  and  an  average  complete-breakthrough  volume  of  190  BV. 
The  CN-  resin  capacity  for  this  set  of  runs  was  higher  than  for  the  runs  with  city  water 
and  a  low  CN-  concentration  due  to  the  lower  anion  concentration  in  this  set  of  runs. 
However,  even  with  the  lower  anion  concentration,  the  first  sample  from  the  colunm 
exceeded  the  regulatory  limit  (CN-  concentration  of  1.2  mg/L). 

Figure  5-9  presents  a  breakthrough  curve  for  Run  BA-4  using  RO  water.  The  gradual 
reduction  in  CN-  concentration  in  the  feed  is  attributed  to  CN-  oxidation  and 
degradation  throughout  the  systeia  This  is  further  supported  by  the  data  collected  from 
T-1  which  show  that  the  initial  CN-  concentration  is  always  the  highest  and  that  day  by 
day  it  steadily  declines.  The  concentration  of  CNO  was  also  monitored  in  T-1  and  was 
found  to  increase  from  1  mg/L  to  2-3  mg/L.  Because  of  the  low  concentration  of  CNO- 
in  the  feed,  it  does  not  appear  that  CNO  significantly  affects  the  anion  resin  loading. 

The  other  RO  water  run,  BA-5,  exhibited  a  two-step  breakthrough  curve.  The  second 
step,  however,  occurred  after  the  system  was  required  to  shut  down  for  the  weekend. 
The  jump  in  cyanide  concentration  after  the  weekend  shutdown  could  be  due  to  the 
cyanide  reaching  equilibrium  with  the  solution  in  the  column  and  exchanging  for  the 
other  ions  in  solution. 

Electrolytically  Treated  Dragout  Water.  An  additional  set  of  runs  was  conducted  to 
evaluate  the  ion  exchange  treatment  of  the  discharge  from  an  electrolytic  recovery  unit 
(ERU).  Plating  solution  was  diluted  with  RO  water  to  approximately  1000  mg/L  Cd^-^ 
and  1800  mg/L  CN-.  The  diluted  plating  solution  was  then  processed  through  an  £RU 
until  the  CM2+  concentration  was  reduced  to  approximately  350  mg/L  (Figure  5-6).  The 
solution  was  then  diluted  with  RO  water  in  the  feed  tank  for  processing  tluough  the  ion 
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Figure  54:  Column  M  Breakthrough  (Run  BA-3)  4/14-4/15 


exchange  system  (Runs  BA-6  and  BA-7).  The  characterizatitm  of  the  water  showed  an 
average  CN-  concentration  of  approximately  180  mg/L,  an  average  Ctfi*  concentration 
of  approximately  SO  mg/L,  and  an  average  anion  concentration  of  27  meq/L.  The 
results  of  the  pilot  plant  showed  a  CN-  resin  capacity  of  4S0  meq/L  and  an  average 
complete-breakthrough  volume  of  140  BV.  The  results  of  these  runs  demonstrated  a 
signiOcantly  better  CN-  resin  capacity  than  was  observed  in  either  the  city  water  m  RO 
water  runs.  The  reason  for  this  is  the  large  increase  in  the  CN-  concentradon  in  the  feed 
stream.  (In  addition,  the  capacity  increase  could  have  been  affected  by  the  Cd-CN 
complex  in  the  effluent  of  the  cation  column  wluch  has  a  higher  affinity  for  the  anion 
resin  than  does  free  CN-.  Some  C^-CN  leakage  did  occur  during  these  runs  because  no 
cation  polish  column  was  on-line.)  However,  even  with  the  higher  CN-  re*tin  capacities, 
the  CN-  concentration  in  the  effluent  reached  the  regulatory  limit  within  the  first  few 
bed  volumes. 

As  shown  in  Figure  5-10,  not  only  is  CN-  breaking  through  the  column,  but  also  sulfate 
(SO42-),  cyanate  (CNO),  carbonate  (CO32  ),  and  chloride  (C1-)  ions.  The  ctmcentrations 
of  these  species  gradually  rises  and  then  breaks  through,  indicating  that  all  are  being 
removed  by  the  resin. 

5.2.2.2  Compliance  with  Regulatory  Limits.  The  Federal  Preneatment  Standards  for 
Metal  Finishers  for  Existing  Facilities  indicate  a  total  cyanide  daily  maximum  of  1.2 
mg/L  for  cyanide  and  an  monthly  average  of  0.6S  mg/L.  This  discharge  limit  would  be 
difficult  to  maintain  with  the  ion  exchange  system  since  CN-  concentration  reached  the 
regulatory  limit  in  the  effluent  in  the  first  few  bed  volumes.  Compliance  with  the  daily 
maximum  limit  was  only  observed  in  the  effluent  of  the  polishing  column  for 
approximately  eight  hours  (30  bed  volumes)  at  a  flow  rate  of  300  ml/min  in  the  effluent 

the  polishing  column,  after  which  the  concentration  rose  above  the  compliance 

limit 

5.2.2.3  Monitoring  Cyanide  Breakthrough.  For  monitoring  the  CN-  breakthrough  of 
the  anion  columns,  both  a  cyanide  Hach®  test  kit  and  a  cyanide-specific  ion  electrode 
were  used.  Both  test  methods  were  adequate  but  required  accurate  dilutions  to  bring  the 
solution  concentrations  within  the  operating  range  of  the  test  method.  The  Hach®  kit 
worked  well,  but  each  sample  required  30  minutes  to  fully  develop  its  color  bef(»e 
examination  in  the  colorimeter,  l^is  limited  the  number  of  samples  which  could  be 
analyzed  by  one  operator.  The  CN-  electrode  provided  a  quick  reading,  but  extra  care 
had  to  be  taken  not  to  expose  the  electrode  to  a  concentrated  CN-  solution,  because  the 
strong  CN-  would  degrade  the  electrode. 
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Ftgura  5-10:  Column  A-2  Braakthrough  (BA-7)  6/25 


Source:  Arthur  D.  LMIe,  Irrc. 


5  J  km  Exchange  Column  Regeneration 
5^1  Cation  Regeneration  Reeuite 

Regenerations  were  performed  at  varying  acid  and  rinse  flow  rates  to  determine: 

•  The  shape  of  the  CdS04  elution  curve; 

•  Percent  recovery  of  Cd2+;  and 

•  Acid  and  rinsewater  requirements. 

5^1.1  Cadmium  Sulfate  Elution  Curve.  Table  5^  sumnuuizes  the  results  of  the 
cation  regeneration  runs  RC-1  through  RC-9  which  were  conducted  to  determine  the 
effea  of  the  add  flow  rate  on  the  shape  of  the  CdS04  elution  curve.  The  starting  point 
is  defined  as  the  BV  of  total  throughput  at  which  the  Cd^-^  concentration  reaches  500 
mg/L,  and  the  end  point  is  the  po’nt  where  the  concentration  falls  below  500  mg/L. 

Both  the  starting  and  ending  pokts  were  determined  graphically  from  the  regeneration 
curves. 

During  these  first  nine  regenerations,  sauries  of  the  column  effluent  were  taken  every 
5  to  10  minutes  resulting  in  a  chromatographic  type  curve  (elution  curve)  indicating 
when  the  majority  of  the  Cd2-«-  was  recovered.  Knowing  the  dimensions  of  the  elution 
curve  allowed  for  the  collection  of  the  most  concentrated  portion  of  the  eluate  for 
processing  in  the  ERU.  These  curves  indicat«l  that  the  lower  regeneration  flow  rates 
resulted  in  a  slightly  narrower  Cd2'^  elution  curve,  but  was  generally  between  1.5  to  3.0 
BV  of  total  throughput  (both  add  and  slow  rinse).  These  recovery  peaks  were  not  used 
to  calculate  cadmium  recovery  because  of  the  errors  introduced  by  the  high  weighing  of 
the  peak  concentration  and  the  potential  for  missing  the  peak  concentration  within  the  5 
10  10-  minute  intervals.  Appendix  B  includes  the  regeneration  curves  except  for 
Regenerations  RC-1  and  RC-2.  The  data  collected  for  these  two  runs  was  insuffident  to 
plot  the  curves.  Figure  5-1 1  is  a  typical  regeneration  curve  generated  using  this 
procedure. 

8.3.1 .2  Cadmium  Recovery.  Table  5-7  summarizes  the  results  of  Regenerations  RC- 
10  through  RC-17  which  provided  information  on  Cd2-«-  recovery.  These  curves  were 
generated  using  a  different  sampling  method  in  which  all  of  the  eluate  was  collected  in 
sequenced  one-liter  bottles.  This  method  of  sampling  provided  for  accurate  accounting 
of  all  Cd2-^  removed  from  the  column,  allowing  a  nnass  balance  to  be  calculated.  The 
sum  of  the  Cd2-^  concentration  in  each  one-liter  bottle  (reported  in  mg/L)  represents  the 
total  mg  of  Cd^*  recovered.  The  total  amount  of  recovered  during  regeneration 
was  compared  with  the  anoount  loaded  onto  the  column  (which  was  calculated  from  the 
breakthrough  curve  -  Section  52.1.1). 
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Table  5-6:  Summary  of  Reganarations  for  Cation  Columna 


■;;§ 

1 

s 

E 

’3 

1 

1  1  i«  1 

1  1  “*  1  ^  <M  m  W  C\4 

1  1  ~  1  5 

c 

I 

m 

O 

:-''c 

S 

'Z  3  51 
<  o“ 

€SJr>OCOOKIA<D^ 

1  s 

V*  §  5 

-«  S 

U 

©©©©©--••-fMIft 

V  V  trt  »•>  V  I-’  •-■  cvi  o 

M 

ooooooooo 

e.'v...../... 

IS 
>  , 

B 

OiCMCMC^CMCMOlCNICy 

W  W  W  <NJ  oi  eg 

5§S 

0^1 

c^Jc^l^lnln<D^»^<•cD 

666666666 

666600660 

CD  CD  CD  CD  CD  CD  CD  ^D 

S3 

f  ? 

4/11/92 

4/13/92 

4/16/92 

4/16/92 

4/16/92 

5/15/92 

5/14/92 

5/16/92 

6/11/92 

1  J 

3  £ 

^oi^egn^ooi^ 

666666666 

?§ 
ec  tc 

RC-1 

RC-2 

RC-3 

RC-4 

RC-5 

RC'6 

RC-7 

RC-8 

RC-9 

NCEUnpL*7a(t.MS 


5-33 


Flgurft  5-11:  Column  C-3  Regeneration  (Run  RC-7)  5/15 
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Table  5*7:  Summary  of  Reganaratlon  Racoverfas  for  Cation  Columna 
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The  percent  recovery  indicated  in  Table  5-7  is  satisfactory  for  most  runs,  between  73 
to  112.  Regeneration  RC-12,  which  corresponds  to  Breakthrough  Run  BC-8,  has  an 
unexplained  recovery  of  160.  The  error  is  attributed  to  the  graphical  method  of 
calculating  Cd^-^  loa^g  onto  the  column.  As  described  in  Section  5.2. 1.3,  Operational 
Difficulties,  the  recoveries  calculated  for  the  city  water  runs  take  into  account  the  Cd^-^ 
loaded  onto  the  column  at  the  feed  concentration  and  not  the  level  where  the  effluent 
concentranon  leveled  off.  If  this  Cd^-^  loading  were  not  accounted  for,  the  error  in 
recovery  would  be  very  high.  The  elution  curves  for  Runs  RC-10  through  RC-17  are 
presented  in  Appendix  B.  Figure  5-12  is  a  typical  regeneration  curve  using  the 
previously  described  sampling  procedure. 

The  cations  that  are  removed  from  the  city  water  along  with  the  Cd2-^  are  also  present  in 
the  eluate,  as  shown  in  Table  5-8.  These  additional  cations  will  not  interfere  with  the 
recovery  of  the  Cd  via  electrolytic  recovery;  Cd  is  the  only  metal  which  will  be  reduced 
to  its  metallic  state  during  the  process  and  will  therefore  be  recovered  selectively.  In 
order  to  reuse  the  acid,  a  bleed  stream  would  be  required  to  maintain  the  acid 
concentration  and  to  maintain  the  salt  concentration  and  to  keep  it  from  interfering  with 
subsequent  regenerations. 

5,3.1 ,3  Acid  and  Water  Requirements.  Sulfuric  acid  aiul  rinsewater  requirements 
were  also  derived  from  the  regeneration  runs.  The  results  indicate  that  regeneration 
requires  1.4  to  1.8  BV  of  10%  sulfuric  acid,  which  is  within  the  manufacturer's 
recommended  0.9  to  1.8  BV  of  10%  acid.  Slow  rinsewater  requirements  averaged  3 
BV  followed  by  14  BV  in  the  fast  rinse.  The  NaOH  requirement  is  approximately  2  BV 
of  a  5%  solution,  which  is  slightly  more  than  the  manufacturer's  reconunendation  of 

1.1  BV.  The  final  fast  rinse  required  approximately  14  BV  of  water. 

5.3.2  Anion  Regeneration  Results 

Regenerations  were  performed  at  varying  sodium  hydroxide  and  rinse  flow  rates  to 
determine; 

•  The  shape  of  NaCN  elution  curve; 

•  Percent  recovery  of  CN-;  and 

•  WaterAinsewater  requirements. 

5.3.2.1  Sodium  Cyanide  Elution  Curve.  Table  5-9  summarizes  the  results  of  the 
Regenerations  RA-1  through  RA-5  which  were  used  to  determine  the  shape  of  the 
NaCN  elution  curve.  The  starting  point  is  defined  as  the  throughput  at  which  the  CN- 
rises  above  100  mg/L  and  the  end  point  when  the  concentration  drops  below  100  mgA^. 
During  these  regenerations,  samples  of  the  column  effluent  were  taken  every  5  to  10 
minutes  resulting  in  a  chromatographic  type  curve.  This  procedure  indicated  that  the 
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Table  5-8:  Typical  Cation  Column  Regeneration 

(C>3,  Regeneration  Run  Rc-3,  City  Water) 


;  Elapsed 
Time  (min) 

Volume 

DunHn^mit^ 

ccia* 

Coneentratlon  (mg/L) 

Na^  Ca24 

35 

2.90 

5800 

88 

930 

40 

3.40 

6400 

50 

4.40 

3700 

64 

700 

60 

5.40 

340 

65 

7.40 

33 

1500 

600 

70 

9.40 

19 

75 

11.40 

14 

800 

400 

80 

13.40 

8 

85 

15.40 

11 

1700 

390 

Source;  Arthur  0.  URIe,  Irv. 
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Table  5-9:  Summary  of  Regenerations  for  Anion  Columns 


majOTity  of  the  CN-  is  lecoveied  in  1.0  to  2.5  BV  of  total  throughput  volume  (NaOH 
solution  and  slow  linse).  Figure  5-13  is  a  typical  regeneration  curve  generated  from 
samples  taken  every  5  to  10  minutes.  Appendix  C  includes  the  regeneration  curves  for 
RA-1,  RA-4,  and  RA-5.  Runs  RA-2  and  RA-3  are  not  presented  because  insufficient 
data  were  obtained  to  develop  a  curve. 

5^.2.2  Cyanide  Recovery.  Table  5-10  summarizes  the  results  of  the  anion 
regeneration  runs  RA-6  through  RA-10.  All  of  the  regenerant  was  collected  in 
sequenced  one-liter  bottles.  This  procedure  provided  an  accurate  accounting  of  all  the 
CN-  removed  from  the  column  enabling  a  mass  balance  to  be  calculated.  The  total 
amount  of  CN-  recovered  was  compared  with  the  amount  loaded  onto  the  column 
which  was  calculated  from  the  breakthrough  curve  (Section  5.2.2). 

The  recovery  indicated  in  Table  5-10  is  below  15%  for  all  runs.  This  is  attributed  to  the 
low  affinity  of  the  anion  resin  for  CN-  which  allows  the  bound  CN-  to  be  removed  from 
the  resin  during  operation  and  during  rinsing  of  the  resin  before  regeneration.  Another 
problem  could  be  in  the  analysis  of  these  high  concentrations  of  CN-  which  is  known  to 
be  difficult  because  of  the  need  for  large  dilutions.  Regeneradon  curves  for  runs  RA-6 
through  RA-10  are  presented  in  Appendix  C.  Figure  5-14  illustrates  a  typical 
regeneradon  curve  using  this  sampling  procedure. 

The  anions  that  are  removed  from  the  wastewater  along  with  the  CN-  are  also  present 
in  the  eluate  as  shown  in  Table  5-11.  These  addidonal  anion  species  caimot  be  removed 
from  the  eluate.  If  the  eluate  is  recycled  to  the  pladng  bath,  the  other  anion  species  will 
also  be  returned  to  the  pladng  bath.  The  esdmated  eluate  soludon  concentradon  would 
be  approximately  460  mg/L  of  CN-,  620  mg/L  SO42-,  640  mg/L  Q-,  and  80  mg/L  of 
CNO-.  Because  the  pladng  bath  normally  has  CN-  concentradons  of  25,000  to  30,(X)0 
mg/L,  the  addidon  of  the  CN-  eluate  would  gready  reduce  the  concentradon  of  CN-  in 
the  pladng  bath,  and  the  recycle  of  the  eluate  contaminants  to  the  plating  would  result 
in  an  unsatisfactory  pladng  bath  chemistry.  Because  of  the  low  concentradon  of  CN- 
and  the  contaminants  in  the  eluate,  the  CN-  eluate  stream  is  not  recommended  for 
recycle  to  the  plating  bath. 


5.4  Electrolytic  Recovery  of  Cadmium 

Electrolydc  recovery  is  used  to  plate  a  metal  from  soludon  to  its  metallic  state  on  a 
cathode.  This  technology  can  be  utilized  to  recover  metals  from  soludon  for  reuse  in  the 
original  pladng  process.  The  objecdves  in  conducdng  the  electrolydc  recovery  runs  was 
to  evaluate  the  efficiency  of  Cd  metal  recovery  from  the  sulfuric  acid  eluate  from  the 
cadon  exchange  columns. 
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Figure  5-13:  Column  A-2  Regeneration  (Run  RA-4)  4/15 


Regenerant  Througftui  (Bed  Volumee) 


Table  5-10:  Summary  of  Regeneration  Recoveries  for  Anion  Columns 


IS 

1 

a 

CVl  1  lA  CM  CM 

5|i 

*-  a>  in  rv  cy 
c\i  *>'  esi  ci  n 

B 

fs  1  ::  SI  {3 

p 

S  1  5 

s  5  s 

o> 

tn  «  n  M  M 

C  £ 

si  1 
•  '•* 
a _ 

BP 

BMmillii 

lo  in  lo  M  lo 

B 

■ 

- S - M 

SSk  X 

S  e  'S:! 

i  M  ^  ^ 
^  ^  ^  ^ 

M 

1 1 1 1  i 

11 

si 

T  *}•  T  T  5 

<  <  <  <  < 

S 

Is 

<9  «p  «  ° 

s  s  s  s  s 

i 


NCELnn%tt7Mt4« 


5-42 


Table  $>11:  Typical  Anion  Column  Regeneration 

(A>1,  Regeneration  Run  RA^,  City  Water) 


Volume  (U 

1 

98 

7 

124 

15 

2 

555 

556 

728 

52 

3 

795 

769 

1060 

215 

4 

1192 

1772 

1080 

129 

5 

604 

1566 

1050 

136 

6 

402 

282 

905 

70 

7 

73 

29 

125 

13 

8 

30 

10 

33 

6 

Source:  Arthur  D.  Little,  Inc. 
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To  recover  Cd  metal  from  the  sulfuric  acid  eluate,  a  1.5-gallon  capacity  unit  was  set  up 
with  a  peristaltic  recirculating  pump.  The  approximate  cathode  area  is  1  square  foot 
The  pump  suction  was  taken  from  the  concentrated  CdS04  Tank  T-4  and  ^scharged 
into  the  ERU.  The  ERU  overflow  was  piped  back  into  T-4.  The  system  was  operated  in 
a  batch  mode  and  only  when  supervised.  Approximately  ten  gallons  of  eluate  soludon 
was  required  to  fill  the  ERU  and  its  associated  piping  while  still  providing  sufficient 
reservoir  for  the  pump  to  draw  on.  Several  regenerations  of  the  cation  columns  were 
performed  before  enough  solution  was  collected.  Because  of  the  large  number  of  runs 
needed  to  collect  a  sufficient  volume  of  eluate  to  operate  the  ERU,  only  one  ERU  run 
was  conducted. 

Hgure  5-15  is  a  plot  of  the  Cd^-^  concentration  vs.  time  for  the  ERU  run  using 
concentrated  cation  resin  eluate.  The  plot  indicates  a  72%  removal  of  Cd^-^  in  the  first  8 
hours,  followed  by  an  asymptotic  curve  for  the  removal  of  the  remainder.  A  total  of 
97%  of  the  Cd  was  recovered  from  the  concentrated  solution  as  metallic  Cd  for 
potential  recycle  back  to  the  plating  operation. 

During  the  operation  of  the  unit,  hydrogen  bubbling  was  evident  at  the  ERU’s  cathode 
indicating  that  the  current  was  set  too  high,  above  the  limiting  current  Gl)-  Hydrogen 
gas  evolution  was  further  enhanced  by  the  extremely  high  concentration  of  H3O  ions 
Oow  pH,  approxinutely  0)  in  the  solution.  The  high  concentration  of  HsO  ions 
compared  to  Cd^-^  ions  favored  hydrogen  evolution.  The  bubbling  of  hydrogen  affects 
the  quality  of  the  Cd  metal  plate  by  hindering  the  ability  of  the  Cd  metal  to  coat  the 
cathode  evenly.  As  a  result  the  Cd  metal  that  plated  onto  the  cathodes  was  very  dark 
and  powdery.  Consequently,  it  is  the  desirable  in  the  operation  of  the  ERU  to  minimize 
the  amount  of  hydrogen  generated. 

An  estimate  of  the  limiting  current  Gl)  was  made  assuming  that  the  boundary  layer 
thickness  was  approximately  5  mm.  The  resulting  II  was  calculated  to  be  0.03A  (3.4  x 
10-5  A/cm2).  The  current  applied  to  the  system  was  2.5  A  (2.7  x  10-3  AJcnfi),  which  is 
about  eight  times  the  II.  It  is  desired  to  operate  the  system  below  II;  this  can  be 
accomplished  by  operating  at  lower  current  densities,  or  by  altering  the  process 
parameters  to  increase  II-  The  calculated  current  efficiency,  based  on  the  removal  of 
58.6  g  of  Cd2>  metal  and  Faraday's  law  was  22%.  Most  of  the  current  thus  went  to 
forming  hydrogen  gas. 

The  sulfuric  acid  solution  remaining  after  electrolytic  recovery  processing  contained 
approximately  65  mg/L  of  Cd^-^-  The  pH  was  still  below  0,  and  the  concentrations  of 
Na-^  and  Ca^-^  ions  were  high  estimated  to  be  15,(XX)  mg/L  and  9(XX)  mg/L,  respectively. 
The  high  levels  of  these  ions  make  the  reuse  of  this  solution  as  a  regenerant 
unacceptable  unless  a  10%  bleed  stream  is  taken  and  replaced  with  fresh  acid.  In 
contrast,  if  the  10%  sulfuric  acid  solution  were  made  up  with  RO  water,  a  5%  bleed 
stream  would  be  adequate  for  controlling  salt  build-up.  The  recovered  sulfuric  acid 
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Figure  5>15:  ERU  Recovery  of  Cadmium  from  Concentrated  Cation  Eiuate  Soiution 


i;  Arthur  D.  Little,  Inc. 


fr(xn  the  ERU  was  not  used  in  an  actual  regeneration  during  die  pilot  test  program,  as 
the  solution  was  inadvertendy  transferred  from  the  holding  tank  by  North  Island 
personnel  for  disposal. 

The  ERU  test  results  indicate  that  electrolytic  recovery  is  a  viable  option  for  recovering 
die  Cd2-^  as  Cd  metal  from  cation  eluate  solutions.  A  number  of  mo^cations. 
however,  can  be  made  to  improve  the  efficiency  of  the  process  and  the  quality  of  the 
deposit  These  include:  increasing  the  agitation  rate  to  decrease  the  boundary  layer 
diickness  and  increase  II:  increasing  the  pH  to  3*4  to  minimize  hydrogen  formation; 
lowering  the  current  density;  increasing  the  surface  area;  and  additing  certain  organic 
compounds  to  improve  the  quality  of  the  deposit.  However,  if  it  is  desired  to  reuse  die 
acid  solution  for  additional  cation  column  regenerations  and  the  pH  is  raised  for  better 
electrolytic  recovery,  additional  fresh  acid  would  then  have  to  be  added  to  lower  the  pH 
to  meet  specifications  for  regenerant  solution. 

The  ERU  test  results  indicate  that  the  use  of  electrolytic  recovery  to  recover  Cd  metal 
from  cation  resin  eluate  solutions  is  viable.  Certain  process  parameters  can  be  varied  to 
optimize  the  quality  of  the  Cd  deposit,  to  enable  the  recover^  Cd  to  be  recycled  back 
to  the  plating  process. 
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6.0  Full-Scale  System  Design 


In  preparing  the  design  for  the  full-scale  ion  exchange  system  and  subsequently 
developing  capital  and  operating  costs,  we  used  the  pladng  operations  at  the  Naval 
Aviation  Depot  (NADEP)  in  North  Island,  CA.  as  the  design  basis  (Table  6-1). 

Based  on  the  results  of  the  pilot  test  program  as  outlined  in  Quq)ter  5.0  of  this  rqxnt.  it 
was  assumed  that  the  recovered  (M  metal  could  either  be  reused  in  the  electnq>lating 
process  or  sold  to  an  outside  vendor  for  the  full-scale  design.  It  was  also  assumed  that 
die  recovered  CN-  could  not  be  reused,  in  fact,  it  was  assumed  that  anion  exchange 
would  not  be  utilized  at  all  for  the  treatment  of  CN-  in  the  rinsewaters;  rather,  the 
linsewater  containing  CN-  would  be  treated  by  alkaline  chlorination  at  the  existing  IWTP. 

As  the  results  of  the  pilot  test  program  riiow,  ion  exchange,  coupled  with  electrolytic 
recovery  can  be  q)plied  to  treat  rinsewater  and  in  conjunctitm  with  a  point  source 
treatment  such  as  electrolytic  recovery.  We  have  developed  two  treatment  options,  either 
cf  which  can  be  applied  to  treat  Ckl-CN  rinsewater  or  electrolytically  treated  rinsewater.  A 
detailed  description  of  the  operation  of  each  system  along  with  its  advantages  and 
disadvantages  is  provided  below. 


6.1  Cd-CN  Rinsewater  Treatment  System  Description 

The  CM-CN  rinsewater  treatment  system  includes  cation  exchange  for  the  removal  of 
Cd2-^  from  the  rinsewater,  followed  by  conventional  alkabne  chlorination  for  treatment  of 
cyanide  at  the  existing  IWTP.  This  system  uses  the  heavy  metal  selective  cation 
exchange  resin  to  break  the  Cd-CN  ccxnplex  and  retain  the  Cd^-^  on  the  cation  resin, 
where  it  is  later  recovered  in  a  sulfuric  acid  eluate  stream.  After  the  removal  of  the  CcP-^, 
the  CN-  is  either  concentrated  by  a  reverse  osmosis  (RO)  unit  and  destroyed  in  the  IWTP 
alkaline  chlorination  system,  or  sent  directly  to  die  alkaline  chlorination  system.  The 
treated  rinsewater  is  then  either  discharged  to  the  IWTP,  or  recycled  back  to  the  rinse 
tank. 

The  acid  eluate  from  the  cation  columns  has  a  Cd^-^  concentration  of  0.1  to  0.2%,  and  is 
recovered  from  the  eluate  in  an  electrolytic  recovery  unit  The  Cd^-*-  is  plated  out  of  the 
solution,  and  the  H2SO4  is  reused  in  the  next  regeneration  step.  Approximately  10%  of 
the  recovered  H2SO4  is  assumed  discarded  to  the  IWTP  to  prevent  build  up  of  dissolved 
solids  diat  may  reduce  the  regeneration  efficiency.  The  size  of  this  bleed  stream  may 
require  alteration  based  on  operational  experience  and  is  dependent  upon  the  level  dT 
dissolved  solids  which  can  be  tolerated  in  the  ERU.  The  amount  of  dissolved  solids 
entering  the  system  would  have  to  be  purged  from  the  system  in  the  bleed  stream  in  order 
to  maintain  a  constant  concentration. 
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Table  6-1:  Rinsewater  Characterization  for 

NADEP  North  Island 

Oealgn  niroughput 

lOOOgal/day 

Plant  Operation  Basis 

Rinsewater  Composition* 

24  hr/day  (2  hours  fot  switching  and  reserve 
oqtacity) 

7  ^ys/week 

52  weeks^fear 

Constituent  With  RO  Treatment 

WIthotft  RO  Treatment 

Cd 

30tng/l 

30  mg/1 

lOeq/day 

10  eq/day 

CN 

75ing4 

75ing/l 

54.5  eq/day 

54.5  eq/day 

Na 

175ing/l 

225  mgA 

144  eq/day 

185.1  eq/day 

Ca 

ND 

70  mg/1 

0  eq/day 

66.2  eq/day 

Mg 

ND 

30  mg/1 

0  eq/day 

47.3  eq/day 

0)32- 

lOOmg/l 

75  mgA 

63.0  eq/day 

47.3  eq/day 

SO42- 

5  mg/I 

275  mgA 

1.89  eq/day 

108.4  eq/day 

a- 

70  mg/1 

185  mgA 

37.3  eq/day 

98.6  eq/day 

pH 

10.5  S.U. 

9.5  S.U. 

Total  Cation  Loading 

154  eq/day 

308.6eq/day 

Totai  Anion  Loading 

156.7eq/day 

308.8eq/day 

*Based  on  rinsewater  analyses  at  NADEP  North  Island  during  the  pilot  testing  phase. 
ND  denotes  Not  Detected. 

Source:  Arthur  D.  Little,  Inc. 
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Alter  completion  of  the  acid  regeneration,  the  cation  columns  are  neutralized  with  NaOR 
The  NaOH  solution  from  the  cdumn  is  collected,  adjusted  to  the  correct  level  of  NaOH, 
and  reused  for  the  next  neutralization  step.  Approximately  10%  of  the  recovered  NaOH  is 
assumed  discarded  to  the  IWTP  to  prevent  buildup  of  di^lved  solids.  Again,  this  bleed 
stream  may  require  alteration  based  on  actual  operating  experience. 

The  initial  rinse  of  the  spent  cation  columns  is  recycled  back  to  the  feed  tank.  The  rinses 
from  the  cation  columns  following  acid  regeneration  are  assumed  to  be  sent  to  the  IWTP 
for  pH  adjustment  It  is  possible  that  these  rinses  could  be  collected  and  be  utilized 
followi^ig  another  acid-based  process.  Some  of  the  rinsewater  may  require  further 
processing  via  ion  exchange  due  to  low  levels  of  Cd^-^  present  Adjustment  of  the  pH 
would  be  required  prior  to  returning  the  acidic  water  to  the  feed  taiik  which  will  contain 
cyanide.  The  final  rinse  after  NaOH  neutralization  is  sent  to  the  IWTP  for  pH  adjustment 

Two  possible  system  configurations  have  been  developed  both  of  which  are  assumed  to 
treat  1000  gpd  of  rinsewater  and  require  regeneration  every  5  days.  Figure  6-1  is  a  block 
flow  diagram  of  Option  No.  1  which  includes  RO  treatment  of  the  effluent  from  the 
cation  exchanger.  The  RO  system  concentrates  the  CN-  into  a  smaller  volume  which  can 
tiien  undergo  alkaline  chlorination  at  the  IWTP.  The  treated  water  discharged  from  the 
RO  system  can  then  be  reused  in  the  Cd-CN  rinse  tank.  The  advantages  to  this  system 
include  reduced  water  volume  discharged  to  the  IWTP  (approximately  75%  less  tiian 
Option  No.  2),  and  reduced  cation  loading  to  the  ion  exchange  columns  resulting  in  a 
higher  Cd^*  resin  capacity  and  a  more  concentrated  eluate  stream.  This  option  also 
assumes  that  the  makeup  warer  used  in  the  rinse  tank  is  also  water  processed  duough  an 
ROunit 

Rgure  6  2  illustrates  Option  No.  2,  which  does  not  utilize  RO  to  concentrate  the  cyanide 
stream  (cation  exchanger  effluent).  Instead,  this  stream  undergoes  alkaline  chlorination  at 
tile  IWTP.  This  system  will  require  a  larger  volume  of  cation  resin  due  to  the  increased 
cation  loading  of  the  untreated  city  water  used  in  the  rinse  tank.  This  system  will  also 
discharge  a  higher  volume  of  water  to  the  IWTP,  since  no  water  is  recycled. 

As  supported  by  the  results  of  the  pilot  test  program,  no  anion  exchange  system  is 
include  in  either  of  these  options  since  the  concentrated  NaCN,  which  would  result  from 
anion  resin  regeneration,  is  not  of  suitable  concentration  or  quality  to  be  recycled  back  to 
the  plating  bath.  Therefore,  the  advantage  of  using  ion  exchange  for  the  removal  of  CN- 
is  voided,  and  a  conventional  treatment  process  is  more  appropriate.  For  this  analysis,  it 
is  assumed  that  the  CN-  bearing  waters  exiting  the  cation  exchange  system  will  be  treated 
in  a  two  stage  alkaline  chlorination  process.  The  North  Island  facility  has  such  a  system 
incorporated  into  their  existing  IWIP. 
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Rgurt  6>1 :  Block  Flow  Diagram  for  tha  Fuii-Scala  Cadmium  Cyaidda  Traatmant 

Option  No.1 


NOTE:  Rsgensration  rins*  volum«$  ara  avaragad  to  a  gallon  par  day  ^  ^  ^  ^ ^  . 

voluma,  basad  on  raganaratlon  saquanoas  baing  partormad  C]  ' 

onca  avary  liva  daya.  daaign  and  capital  cost  asdniata. 


Source:  Arthur  0.  UMa,  Inc. 
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FIgura  S-2:  Block  Flow  Diagram  for  ttw  Full-Seala  Cacbnium  Cyanida  Traatmant 

Option  No.  2 


NOTE:  Rsgsnaration  rins*  vokiniM  ara  avaragad  to  a  gallon  par  day 
voluma,  basad  on  raganaration  aaquancaa  baing  partormad 
onca  avary  fiva  days. 


•  Syslatn  indudad  In  lull-acala 
daaign  and  capital  coat  aatimata. 


Sourea:  Ardiur  D.  Ulila.  Inc. 
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6^  Design  Considerations 


AS  prcvioiisly  discussed,  two  alternatives  for  the  Cd-CN  treatment  system  have  beat 
developed:  Cation  Na  1  in  which  the  partially  treated  water  from  the  cation  exchange 
sysum  is  treated  via  RO,  die  penneate  is  recycled  while  the  concentrated  brine  undergoes 
alkaline  chlorination  for  the  destxucticm  of  CN*;  and  Option  No.  2  in  vriiich  the  partially 
treated  water  6om  the  cation  exchange  system  is  discharged  direcdy  to  the  IW^  where  it 
will  undergo  alkaline  dilorination  for  cyanide  destruction.  Both  systems  are  sized  to 
operate  for  S  days  before  regeneration  is  required  treating  approximately  1000  gxL  The 
primary  difference  between  the  two  options  is  the  quality  of  the  Cd>CN  tinsewater  being 
treated  which  affects  the  resin  Gd^-^  capacity.  Option  No.  1  allows  for  high  quality  water 
from  die  RO  system  to  be  used  as  makeup  for  the  Cd-CN  rinsewater  tank  and  assumes  a 
resin  Cd^-^  capacity  of  485  meq/L  In  contrast.  Option  No.  2  (which  does  not  inclucte  an 
RO  system)  must  rely  on  city  water  (lower  quality,  containing  high  concenffations  of 
dissolved  solids)  for  makeup  water  for  the  (^-CN  rinsewater  tank.  As  a  result,  these 
high  concentrations  of  dissolved  solids  reduce  the  capacity  of  the  ion  exchange  resin  for 
Cd2^  as  indicated  in  the  results  of  the  pikn  test  program.  The  assumed  resin 
aqiacity  for  Option  No.  2  is  148  meq/L.  In  addition,  the  volume  of  water  requiring 
discharge  to  the  IWTP  is  much  higher  in  Option  No.  2  compared  to  Option  No.  1.  With 
die  exception  of  the  RO  unit,  diese  two  systems  are  similar  and  have  bMn  divided  into 
subsystems  as  shown  below: 

•  System  100  -  Feed  System; 

•  System  2(X)  •  Cation  Exchange; 

•  System  300  -  Ca^on  Regeneration  and  Electrcdytic  Recovery;  and 

•  System  400  -  Reverse  Osmosis. 

The  design  considerations  for  each  of  the  subsystems  are  described  in  the  following 
sections.  Detailed  equipment  lists  for  each  subsystem  can  be  found  in  Appendices  F  and 
G. 


6.2.1  Feed  System  -  System  100 

The  feed  system  consists  of  a  surge  tank  to  collect  the  gravity  discharge  from  the  process 
tinsewater  tank,  a  transfer  pump  for  transferring  the  rinsewater  from  the  surge  tank  to  the 
feed  tank,  and  a  process  pump  to  transfer  the  wastewater  to  the  cation  exchange  treatment 
system.  The  transfer  pump  is  designed  to  transfer  1,000  gallons  of  rinsewater  per  day 
and  is  equipped  with  a  strainer  at  the  suction  of  the  pump.  The  transfo*  pun^i  is 
constructed  of  epoxy  coated  or  rubber  lined  carbon  steel  and  the  piping  and  filter  housing 
are  polyvinylchloride  (PVQ.  The  pump  is  controlled  by  the  level  in  the  surge  tank  which 
is  a  250  gallon  tank  constructed  of  high>density  polyethylene  (HDPE).  The  tank  provides 
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a{q)roxiinately  one  hour  of  surge  capacity  for  die  stream  at  an  assumed  rinse  flow  rate  of 
3gpm. 

Fnmi  the  surge  tank  the  wastewater  is  pumped  to  the  main  feed  tank.  This  feed  tank  is 
cone  bottomed  and  constructed  of  HDPE  with  a  capacity  of  7S0  gallons  for  Option  No.  1 
and  1,000  gallons  for  Opdon  No.  2.  This  tank  ptoses  approximately  4  hours  of 
rinsewater  holding  ci^Mcity  and  addidonal  freeboard  to  receive  the  regeneration 
rinsewaters  that  are  recycled  back  to  this  tank.  From  the  feed  tank,  the  water  is  pumped  to 
die  treatment  system,  llie  feed  pump  is  designed  to  deliver  a  3  to  10  g|nn  with  sufficient 
head  to  ovocome  the  flow  resistance  in  the  downstream  equipment  The  feed  pump  and 
its  installed  ^are  are  made  of  epoxy  coated  carbon  steel  or  other  chemically  conqiadble 
material  and  are  provided  with  duplex  polypropylene  cartridge  filters  on  the  puir^ 
discharge. 

Figure  6*3  presents  a  process  flow  diagram  for  the  feed  system.  The  feed  system  for 
both  Opdon  Nos.  1  and  2  are  similar,  however,  Opdon  No.  2  requires  a  larger  feed  tank 
(T-2).  te  addidon,  Opdtm  No.  2  will  require  more  frequent  changing  of  the  cartridge 
filters  because  of  the  precipitated  solids  characterisdc  of  using  city  water. 

6.2.2  Cation  Exchange  System  -  System  200 

The  cadon  exchange  system  is  designed  to  operate  with  two  columns  in  series  for 
Opdons  No.  1  and  No.  2  with  an  additional  column  in  standby.  The  standby  column  will 
be  brought  on-line  as  the  polish  column  when  the  lead  column  breaks  through.  The 
column  that  has  broken  through  will  then  be  regenerated  and  placed  in  standby  until 
needed.  This  is  consistent  with  the  design  of  the  pilot  system 

The  columns  for  Option  No.  1  are  designed  to  hold  1.0  cubic  feet  of  Rohm  and  Haas 
Amberiite^  IRC-718  heavy  metal  selective  cadon  exchange  resin,  and  will  hold  2.5 
cubic  feet  for  Opdon  No.  2.  The  resin  is  assumed  to  have  a  Cd^-^  capacity  of  485  meq/L 
for  Opdon  No.  1  and  a  Cd^-^  resin  capacity  of  148  meq/L  for  Opdon  No.  2,  the  average 
capacities  determined  from  the  pilot  test  results.  The  column  is  constructed  of  carbon  steel 
or  fiber  reinforced  plastic  (FRP)  with  a  coating  of  baked  phenolic  resin  for  conosion 
resistance.  The  columns  are  sized  for  a  bed  expansion  of  1.5  to  2  during  the  backwash 
<q>eradon.  The  columns  are  designed  to  switch  automatically  by  an  adjustable 
timer/sequencer. 

Figure  6-4  illustrates  the  cation  exchange  system  for  Option  No.  1  and  Option  No  2 . 
The  cation  exchange  system  layout  for  both  Option  Nos.  1  and  2  are  similar  except  the 
higher  resin  volume  and  larger  column  size  required  in  Option  No.  2. 

The  design  flow  rate  of  3  gpm  is  not  constant.  The  rinsewater  flows  into  the  surge  tank 
only  while  parts  are  being  process  Ibis  will  result  in  long  periods  of  time  in  which 
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Figure  6-4:  Flow  Diagram  of  System  200  •  Cation  Exchange 


Sourcs;  Mw  D.  Uttto,  Inc. 


there  is  no  flow  throng  the  columns  while  the  volume  of  watn^  builds  up  in  the  feed 
tank.  During  this  down-time,  some  Cd^-*^  may  desorb  from  the  column  while  attenqrting 
to  achieve  equilibrium.  To  account  for  this,  a  recycle  line  has  been  included  to  recycle  the 
first  100  gallcms  of  water  from  the  discharge  of  the  columns  back  to  the  feed  tank  (Feed 
System  - 100).  In  addition,  when  a  fresh  polish  column  comes  on  line  it  may  exhibit 
leakage  from  the  regeneration  step.  To  assure  that  this  leakage  does  not  create  a 
compliance  problem,  the  first  100  gallons  of  discharge  from  a  fresh  colunui  is  also 
recycled  back  to  the  feed  tank. 

6.2.3  Cation  Regeneration  and  Electrolytic  Recovery  -  System  300 

When  a  cation  column  is  taken  off-line,  the  regeneration  procedure  is  performed.  An 
initial  rinse  is  conduaed  to  remove  any  residual  CN-  from  the  column.  The  acid 
regeneration  phase  is  then  conducted  using  10%  sulfuric  acid  stored  in  a  55  gallon  day 
tank  for  Option  No.  1  and  a  ISO  gallon  day  tank  for  Option  No.  2.  A  positive 
displacement  metering  pump  is  used  to  deliver  the  acid  to  the  column.  The  concentrated 
Gd2>  sulfate  solution  is  stored  for  recovery  of  the  Cd^-^  metal  in  solution  in  a  30  gallon 
ERU  storage  tank  for  Option  No.  1  and  a  50  gallon  ERU  storage  tank  for  Option  No.  2. 

Upon  completion  of  the  acid  regeneration  step,  the  resin  bed  is  neutralized  with  a  5% 
NaOH  solution.  The  NaOH  is  delivered  to  the  column  with  a  positive  displacement 
metering  pump  from  a  SS  gallon  day  tank  for  (Dption  No.  1  and  a  ISO  gallon  day  tank  for 
Option  No.  2.  The  concentrated  NaOH  discharged  from  the  colunuis  is  collected  to  be 
reused  for  future  neutralization  of  other  cation  columns.  A  minimum  10%  bleed  stream 
will  be  discharged  to  the  IWTP  to  prevent  build  up  of  dissolved  solids.  A  final  rinse  is 
then  conduaed  to  rinse  the  column  of  NaOR  This  final  rinse  is  discharged  to  the  IWTP 
for  pH  neutralization. 

Table  6-2  is  a  summary  of  the  rinsewarer  volumes  and  chemical  requirements  during 
regeneration  for  both  Option  Nos.  1  and  2.  These  volumes  were  developed  from  tire  pilot 
test  results  and  are  used  to  determine  the  size  of  the  chemical  holding  tanks. 

The  recovery  system  consists  of  electrolytic  recovery  of  Cd  metal  from  the  con¬ 
centrated  eluate  solution.  The  ERU  for  Option  No.  1  has  a  cell  capacity  of  12.S  gallons 
and  for  Option  No.  2, 20  gallons,  both  of  which  are  standard  sized  units.  The  pH  of  the 
solution  is  adjusted  automatically  by  the  addition  of  NaOH  to  a  pH  of  3  to  4.  A  pH  probe 
and  controller  are  included  with  the  ERU.  Adjustirrent  of  the  pH  will  reduce  the  amount 
of  hydrogen  evolution  (See  Section  S.4,1)  and  thus  improve  the  quality  of  the  solid  Ckl 
metal  plate.  Adjustment  of  the  pH  will  affea  the  acid  ctmcentratitm  and  will  require 
adjustment  prior  to  reuse  as  regenerant  by  adding  fresh,  96%  H2SO4  or  10%  solution  of 
H2SO4.  The  ERU  will  be  cqrerated  until  the  Cd2^  concentration  falls  below  50  mg/L  All 
the  Cd  trretal  recovered  will  be  collected  and  reused  in  the  anode  bags  in  the  plating  tank, 
or  in  the  vacuum  Cd  system.  The  recovered  sulfuric  acid  will  be  reused  for  additional 
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Table  6-2:  Summary  of  Rinsewater  Volumes  and  Chemical 
Requirements  for  Cation  Column  Regeneration 


Plow  Rate 

Volume 

Time 

Process 

(gpm) 

(BVs) 

(gals) 

(minutes) 

Option  No.  1  (With  RO  Treatment) 

Initial  Rinse 

3 

8 

60 

20 

Acid  Regeneration 

0.125 

1.8 

13 

104 

Slow  Rinse 

0.125 

3 

22 

176 

Fast  Rinse 

3 

14 

105 

35 

NaOH  NeuL 

0.5 

2 

15 

30 

Hnal  Rinse 

3 

14 

105 

35 

Option  No.  2  (Without  RO  Treatment) 

Initial  Rinse 

5 

8 

150 

30 

Acid  Regeneradon 

0.3 

1.8 

32 

107 

Slow  Rinse 

0.3 

3 

56 

187 

Fast  Rinse 

5 

14 

262 

52 

NaOH  Neut 

1 

2 

38 

38 

Final  Rinse 

5 

14 

262 

52 

Sounx:  Arthur  D.  Little,  Inc. 
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regenerations,  after  the  acid  concentration  is  adjusted.  A  10%  bleed  stream  is  assumed  to 
be  discharged  to  the  IWIP  to  prevent  build  up  of  dissolved  solids  in  die  acid  solution. 

Rgure  6-5  illustrates  the  cadon  regeneration  configuration  including  electrolytic  recovery. 
The  volume  of  the  chemical  holding  tank  plus  the  volume  in  the  ERU  for  Option  No.  1  is 
large  enough  to  hold  three  regeneraticHi  sequences,  whereas  the  chemical  holding  tank 
and  ERU  for  Option  No.  2  has  capacity  for  two. 

6.2.4  Reverse  Osmosis  System  (RO)  •  System  400 

Reverse  Osmosis  is  a  separation  process  involving  the  passage  of  pressurized  water 

through  a  membrane.  The  characteristics  of  the  porous  membrane  allow  water  molecules 

to  pass  through,  however,  dissolved  solids  and  organic  molecules  are  rejected.  This 

process  results  in  two  (2)  product  streams:  the  permeate  and  the  concentrate  (reject) 

solution. 

Typical  water  pressures  range  from  200  to  800  psi  to  produce  a  high  quality  permeate  and 
a  c^  icentrated  reject  streant  RO  process  control  parameters  include  the  waste  feed 
cv  rentration,  effective  membrane  surface  area  and  the  resultant  flux  rate  across  the 
membrane.  The  flux  rate  is  largely  a  function  of  the  feed  concentration. 

The  primary  process  limitation  is  the  maintenance  of  membrane  performance.  Fouling  or 
deterioration  of  the  membrane  will  reduce  the  flux  rate  and  eventually  require  membrane 
replacement  RO  units  generally  require  some  pretreatment  to  protect  the  membranes  from 
scdids  and  organics  fouling.  The  primary  pretreatment  required  for  this  application  is 
already  in  place,  the  suspended  solids  filters  and  the  cation  exchange  system. 

The  RO  system  for  this  triplication  consists  of  an  equalization  tank  from  which  the 
process  pump  will  transfer  the  vater  to  tiie  RO  membrane  at  high  pressure.  The  reject  or 
brine  will  be  discharged  directly  to  the  CN*  destruct  system  (at  the  IWTP)  and  the 
permeate  will  be  recycled  back  to  die  process  to  the  Cd-C^  rinse  tank  (or  other  acceptable 
rinse  tank).  The  design  of  this  system  revolves  around  two  parameters;  recovery  rate  and 
rejection  rate.  Recovery  rate  is  the  percentage  of  the  feed  which  passes  through  the 
membrane  as  permeate.  The  rejection  rate  is  the  ability  of  the  membrane  to  remove  a 
particular  solute  material.  The  recovery  rate  for  this  system  was  assumed  to  be  75%,  and 
the  rejection  rates  vary  from  92  to  98%  depending  upon  the  chemical  speciestt<t2.  This 
recovery  rate  is  based  on  vendor  literature  for  an  average  case.  These  rejection  and 
recovery  rates  would  require  verification  prior  to  implementation  in  the  form  of  laboratory 
or  bench  scale  tests  to  ensure  proper  balancing  of  the  flow  and  chemical  concentration. 
For  this  application,  it  was  also  assumed  that  the  RO  system  would  be  a  single  pass 
^stem  treating  only  water  from  the  discharge  of  the  ion  exchange  treatment  system  and  is 
sized  accordingly. 
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Figure  6>5:  Flow  diagram  of  System  300  •  Cation  Regeneration  And  Electrolytic  Recovery 


Hgiue  6*6  is  the  basic  process  flow  and  material  balance  for  the  RO  system.  The  RO 
system  is  only  included  in  Opdon  No.  1.  Since  the  quality  of  this  water  is  nearly  the  same 
as  the  RO  m^  up  water  added  to  the  Cd-CN  rinse  tank,  the  treated  water  is  assumed  to 
be  recycled  back  as  linsewater.  The  permeate  will  contain  some  level  of  cyanide, 
therefore,  it  is  recommended  that  it  be  recycled  back  to  the  Cd-CN  rinse  t^  or  other 
CN-  rinse. 

6.2.5  Cyanide  Destruction 

The  concentrated  reject  stream  from  the  RO  (system  AOO)  in  Option  No.  1  and  the 
dischax:ge  from  the  cation  exchanger  (system  2(X))  in  Optim  No.  2.  is  treated  via  alkaline 
chlorination  in  the  IWTP  to  destroy  the  cyanide. 

The  use  of  alkaline  chlorination  for  CN-  destruction  is  a  common  treatment  process. 
Under  alkaline  conditions,  the  hypochlorite  oxidizes  the  CN-  to  cyanate.  The  pH  is  then 
reduced  and  additional  hypochlorite  oxidizes  the  cyanare  to  csabon  dioxide  and  nitrogen. 
The  process  is  conducted  in  two  stages,  each  in  a  separate  tank.  The  process  is 
continuous  and  the  reactant  addition  rates  are  regulated  by  pH  and  oxidation-reduction 
potential  (ORP)  controllers.  In  the  first  stage,  the  pH  is  ^justed  to  10.5  to  1 1  with 
NaOR  Sodium  hypochlorite  (NaCX2)  is  also  add^  to  obtain  an  ORP  of  approximately 
•f2S0mv.  The  water  overflows  to  the  second  stage  where  the  pH  is  adjusted  to  8.5  to  9 
utilizing  sulfuric  acid.  Additional  hypochlorite  is  added  to  obt^n  an  ORP  level  of 
•ftiOOmv.  North  Island's  IWTP  has  an  alkaline  chlorination  system  in  place,  therefore, 
the  crqrital  cost  for  such  a  system  is  not  included  in  this  repart 

The  same  treatment  technology  can  also  be  applied  at  the  source  of  waste  generation.  If 
small  quantities  of  cyanide-bearing  waste  are  generated,  the  cyanide  destruct  system  can 
be  designed  and  operated  in  a  batch  treatment  mode  using  the  same  procedure  outlined 
above. 
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:  now  Diagram  of  System  400  •  Reverse  Osmosis  (RO ) 
(Option  No.  1  Oniy) 


Source:  Arthur  D.  Little,  Inc. 


7.0  Cost  Estimation  and  Economic  Evaluation 


7.1  Coat  Estimation  Approach 

For  the  develqjinent  of  con^Kment  or  subsystem  costs,  we  used  a  comlnnation  ci  general 
published  cost  curves^  and  budgetary  quotations  from  equipment  suppliers.  We  used 
Guthrie's  Modular  Factor  Method^  to  convert  purchased  component  costs  to  installed 
costs.  The  modular  factor,  specific  to  each  type  of  equipment,  is  intended  to  account  for 
all  direct  and  indirect  cost  elements  in  placing  a  piece  of  equipment  into  operation.  These 
cost  elements  include:  engineering;  procurement;  frei^u  insurance;  field  installation 
(materials  and  labor);  safety  subsystems  (where  required);  and  contingency.  The 
^lecified  modular  factors  that  were  used  along  with  an  equipment  list  and  the  purchased 
component  costs  are  shown  in  Appendix  E  for  (^tion  No.  1  and  Appendix  F  for  Option 
No.  2.  An  explanation  of  this  cost  estimating  procure,  and  details  of  how  die  modular 
factors  were  developed,  are  presented  in  Appendix  G. 

Operating  costs  were  developed  based  upon  the  operating  requirements  established  in  die 
system  design  and  equipment  sizing  calculations  as  discussed  in  the  Section  6.0  (Full- 
Scale  System  Design).  G>sts  for  operating  materials  were  obtained  from  suppliers  of 
such.  Costs  for  labor  and  utilities  were  based  on  past  experience  at  Naval  Activities. 


7.2  Capital  Investment 

The  oqntal  investment  for  the  Gd-CN  wastewater  treatment  system  (Options  No. 

1  and  2)  are  summarized  in  Table  7-1  and  are  $209,400  and  $206,300 
respectively.  The  total  capital  cost  for  each  option  is  essentially  dte  same.  The  ion 
exchange  system  and  the  reverse  osmosis  system  are  the  major  costs  for  Option 
No.  1,  while  the  ion  exchange  and  regeneration  systems  are  the  majOT  costs  for 
Option  No.  2.  Option  No.  2  requires  larger  columns,  more  resin,  and  larger  tanks 
due  to  the  poorer  water  quality  and  resulting  lower  Cd^-^  resin  capacity.  The  result 
is  a  higher  ctqpital  cost  for  the  ion  exchange  and  regeneration  systems,  which  is 
nearly  the  same  as  the  capital  cost  for  the  RO  system  in  Option  No.  1. 

The  development  of  the  capital  cost  investment  for  the  treatment  systems  was 
based  upon  vendor  quotations  for  dte  ion  exchange  skids  and  auxiliary  equiinnenL 
No  building  costs  are  included  as  it  was  assumed  that  the  system  would  be 
installed  in  an  existing  building.  If  it  is  determined  that  additional  building  space  is 
required,  these  costs  must  be  added  to  the  capital  investment 


Kmach  mtCTNlJICELllJm 


7-1 


T«bl«  7-1:  Capital  Invaatmant  Summary  lor  Cd^N  Rinaawatar 
Traatmant  Systama 


Option  Ito.  1 

Option  No.  2 

System 

Number 

Installed  Cost 

Installed  Cost 

Description 

(1992$) 

(1092$) 

100 

Feed  System 

19.300 

20.200 

200 

Cation  Exchange 

80.200 

104,400 

300 

Regeneration  and 

Electrolytic  Recovery 

26.200 

44.600 

400 

Reverse  Osmosis 

47.800 

NA 

Field  Instrumentation 

4.000 

4.000 

m 

Total  installed  Equipment 

$177,500 

$173,200 

Additional  Engineering  Fee 
(3%  of  Total  installed  Equipment) 

5.325 

5.196 

Additional  Contingency 

(15%  of  Total  Installed  Equipment) 

26.625 

25.980 

f 

Total  Capital  Investment 

$209,500 

$204,400 

NA  •  Not  Applicable 


Source:  Arthur  D.  Little.  Inc. 
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7^  Operating  Costs 

Operating  costs  for  the  Cd-CN  wastewater  treatment  system  (Options  No.  1  and  2)  are 
shown  in  Tables  7-2  and  7-3.  The  operating  costs  are  ^vided  into  two  categories, 
variable  costs  and  fixed  costs.  Variable  costs  are  those  associated  with  cation  resins, 
regenerant  chemicals,  RO  membrane  replacement,  credit  for  recovered  materials,  utilities, 
operating  labor,  and  disposal.  Operating  labor  includes  periodic  shift  oversight, 
regeneration  oversight,  and  sampling  to  determine  breakthrough.  Fixed  costs  include 
maintenance  and  plant  overhead.  Maintenance  includes  labor  and  materials  to  repair 
equipment  such  as  pumps,  valves,  the  RO  system,  or  the  electrolytic  recovery  unit  It  is 
estimated  at  4%  of  the  total  capital  cost  because  it  is  a  fairly  simple  system  and  will  likely 
not  have  trumy  mecharucal  failures.  Plant  overhead  covers  those  costs  associated  with 
payroll  overhead  items  such  as  pensions,  paid  vacations,  insurance,  social  security,  etc, 
along  with  building  overhead  (including  the  maintenance  of  medical  and  recreational 
facilities,  adnunistration,  purchasing,  warehousing  and  engineering). 

The  total  annual  cost  for  the  q^eration  of  Option  No.  1  is  approximately  $68,200  split 
alnoost  equally  between  variable  costs  and  fixed  costs.  The  majority  of  the  fixed  costs  in 
Option  No.  1  is  associated  with  operating  labor,  84%.  The  annual  operating  cost  for 
Cation  No.  2  is  approximately  $71,100,  again  with  almost  an  even  split  between  variable 
costs  and  fued  costs.  The  contribution  of  the  operating  labw  ta  fued  cost  is  slightly  less 
than  in  Option  No.  1  (77%)  because  the  chemu^  and  utility  costs  are  higher  for  Option 
No.  2. 

The  operating  costs  for  the  two  Options  are  very  close,  with  Option  No.  1  being  about ' 
$3,000  per  year  lower  than  Option  No.  2.  Option  No.  1  requires  periodic  replacement  of 
RO  membranes,  while  Option  No.  2  requires  higher  volumes  of  regenerant  chemicals. 
The  utility  requirements,  however,  for  Option  No.  1  are  lower  than  Option  No.  2  because 
of  smaller  electrical  equipment  sizes  and  lower  water  treatment  costs  (approximately  75% 
of  the  water  is  recycled). 

Tables  7-4  and  7-5  indicate  the  power  consumption  utilized  to  develop  the  electrical 
requirements  for  the  operating  costs  for  both  Options  No.  1  and  2.  All  electric  motors 
were  assumed  to  operate  50%  of  tl^  time  with  an  efficiency  of  75%  unless  otherwise 
documented.  The  power  requirements  for  Option  No.  1  and  Option  No.  2  are  similar 
even  though  Option  No.  2  includes  larger  pumps,  mixers  and  ERU  unit.  This  is  because 
of  the  added  power  requirement  of  the  RO  system  in  Option  No.  1. 

Calculations  for  the  water  balance  and  chemical  consurrqrtion  can  be  found  in  Appendix 
R  The  calculations  for  water  usage  in  Option  No.  1  include  a  75%  rinsewater  recycle 
which  minirrtizes  the  aimual  water  and  waste  water  treatment  costs.  The  calculations  for 
chentical  consumption  in  both  Options  include  a  70%  recovery  which  also  tiunintizes 
costs. 
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Tabl«  7*2:  Oparating  Coata  for  tha  Cadmium  Cyanida  Traatmant  Syatam 
Option  No.  1 


Coat/Unit 


Nam 

Unita/Yaar 

(1992  Dollars) 

Varlabla  Costs 

Raw  Materials 

•  IRC-718  Cation  Resin 

0.6  cu.  N.* 

330.00 

•  50%  Sodium  Hydroxide 

0.21  tons 

300.00 

•  96%  Sulfuric  Acid 

25  gals 

0.20 

•  RO  Membranes 

0.5  membrane** 

1800.00 

Recovered  Material  Credit 

•  Cadmium  Metal 

91  lbs 

(2.75) 

•  Sodium  Cyanide 

0  lbs 

(.85) 

Utilities 


•  Electricity 

•  Water 

•  Water  Treatment 

47359  kW 

120  1000  gals 

110  1000  gals 

0.06 

0.50 

10.00 

Labor 

•  Operating 

•  Supervisory 

900  hr 

100  hr 

23.00 

30.00 

Disposal 

1 0  cbums  (55  gal) 

300.00 

Subtotal 

Varlabla  Costs 

FIxsd  Costs 

Maintenance 

•  Labor  and  Materials 

4%  Of  Capital  investment 

Plant  Overhead 

119%  of  Total  Labor 

Subtotal  FIxad  Costa 


Total  Oparating  Coat 

*  Assumed  to  be  replaced  every  five  years. 
**  Assumed  to  be  replaced  every  2  years. 

Source:  Arthur  0.  Little,  Inc. 


Armutf  Coat 
(1992  Dollars) 


198 

63 

5 

900 


(250) 

0 


2,842 

60 

1,100 


20,700 

3,000 

3.000 


$31,617 


6,380 

28.203 


$36,583 


$68,200 
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Tablf  7-3:  Oparating  Coata  for  tha  Cadmium  Cyanida  Traatinam  Systam  • 
Option  No.  2 


Coat/Unit  Armual  Coat 

Ham  Unita/Yaar  (1992  Dollara)  (1992  Dollara) 

Kar/aO/a  Coafa 


Raw  Materials 


•  IRC-718  Cation  Resin 

1.5  cu.  ft.* 

330.00 

495 

•  50%  Sodium  Hydroxide 

0.6  tons 

300.00 

180 

•  98%  Sulfuric  ^id 

60  gals 

0.20 

12 

Recovered  Material  Credit 

•  Cadmium  Metal 

91  lbs 

(2.75) 

(250) 

•  Sodium  Cyanide 

0  lbs 

(.85) 

0 

Utilities 

•  Electricity 

52259  kWh 

0.06 

3,136 

•  Water 

420  1000  gals 

0.50 

210 

•  Water  Treatment 

420  1000  gals 

10.00 

4,200 

Labor 

•  Operating 

900  hr 

23.00 

20,700 

•  Supervisory 

100  hr 

30.00 

3,000 

Disposal 

1 0  55  gal  drurr 

300.00  _ 

3.000 

Subtotal 

Varlabla  Coata 

$34,682 

Flx0d  Cost9 

Maintenance 

•  Labor  and  Materials 

4%  Of  Capital  Investment 

8,176 

Plant  Overhead 

119%  of  Total  Labor  _ 

28,203 

Subtotal  Fixad  Coata 

$36,379 

Total  Operating  Cost  $71 ,1 00 


*  Assumed  to  be  replaced  every  five  years. 


Source:  Arthur  D.  Little,  Inc. 


TtW#  7-4:  Summary  of  Powor  Consumption  -  Option  No.  l 


Item 

HP 

Thaoratleal 

kW 

Efficiency 

Actual 

kW 

P-102.  P-103 

2 

1.49 

0.75 

1.99 

P-301 

0.75 

0.56 

0.75 

0.75 

P-302 

0.75 

0.56 

0.75 

0.75 

E-301/P-303 

4 

2.98 

0.8 

3.73 

MXR-301 

0.25 

0.19 

0.75 

0.25 

MXR-302 

0.25 

0.19 

0.75 

0.25 

RO-401 /P-401 

5 

3.73 

0.75 

4.97 

Total 


12.00  kW 


Assumptions:  System  operates  24  hours  per  day.  7  days  per  week,  305  days  per  year. 

All  components  requiring  electricity  are  in  operation  50%  of  the  time. 
Component  efficiencies  erere  estimated  to  be  approximately  75%, 
unless  otherwise  documented. 


•  The  Storage  capacity  In  this  unit  and  the  holding  tank  is  much  larger  than  the 
volume  of  eluate  generated  each  week.  Thus  It  will  be  operated  less  often  thar 
the  ERU  unit  in  Option  No.  2.  "nils  is  accounted  for  In  the  total  operating  costs. 


Source:  Arthur  D.  Little,  Inc. 
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Tabit  7*S:  Summary  of  Powrar  Conaumption  •  Option  No.  2 


Thaoraticat  Actual 


Item 

HP 

kW 

Effieianey 

kW 

P-102.  P-103 

2 

1.49 

0.75 

1.99 

P-301 

0.75 

0.56 

0.75 

0.75 

P-302 

0.75 

0.56 

0.75 

0.75 

E-301/P-303 

8 

5.97 

0.8 

7.46 

MXR-301 

0.5 

0.37 

0.75 

0.50 

MXR-302 

0.5 

0.37 

0.75 

0.50 

Total 


11.93  kW 


Assumptions:  System  operates  24  hours  per  day.  7  days  per  week,  365  days  per  year. 

All  components  requiring  electricity  are  in  operation  50%  of  the  time. 
Components  efficiencies  were  estimated  to  be  approximately  75%. 
unless  otherwise  documented. 


Source:  Arthur  D.  Little,  Inc. 
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Labor  costs  are  assumed  to  be  equal  fra-  bodi  systems.  The  additicmal  labor  to  operate  the 
RO  system  in  Opticm  No.  1  offsets  the  additio^  labor  required  to  handle  the  large 
columns  and  longer  regeneration  sequences  in  Option  No.  2. 

It  was  assumed  tiiat  10  (55  gal)  drums  oi  hazardous  waste  per  year  would  require 
disposal.  This  would  include  spent  resin,  used  filter  cartridges,  concentrated  solutkxts 
not  allowed  to  be  discharged  to  the  IWTP  (as  occurred  during  the  pilot  test  program),  and 
wastes  finnn  on>site  analysis  (Hach  Idt  wastes). 
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8.0  Conclusions  snd  Recommendations 


The  obj^ve  of  the  Cd-CN  wastewater  treatoMiit  pilot  test  program  was  to  determine 
the  feasibility  of  cadon/anion  exchange  and  electrolytic  recovery  for  the  treatment  and 
recycle  of  Cd  and  CN-  from  actual  plating  rinsewater.  The  optimum  ctmditkms  for 
opmting  the  itm  exchange  system,  observed  during  the  labcmtory  phase  of  this  study, 
were  udUzed  during  the  pilot  test  |»ogram  to  gather  insight  into  resin  capacity, 
optimum  regeneration  conditions,  process  safety  issues,  process  monitoring,  emergency 
procedures  and  the  performance  of  on-line  instrumentadon.  In  addidon,  die  pilot  study 
was  more  specifically  focused  on  detomining  the  ability  of  the  cadon/anion  exchange 
system  to  treat  the  plating  rinsewater  at  North  Island  NADEP.  To  invesdgate  the  ion 
exchange  systems'  applicability  to  North  Island,  four  different  types  of  c^lmium  plating 
rinsewater  were  proMSsed.  including: 

•  City  water  with  low  concentradons  of  Cd2-»^  and  CN-; 

•  City  water  with  high  concentradons  of  Cd^-^  and  CN*; 

•  RO  water  with  low  concentradons  of  Cd^-*-  and  CN-;  and 

•  RO  water  treated  by  an  electrolydc  recovery  unit 

Cadmium  Resin  Capacities.  The  cadon  exchange  system  proved  to  be  technicaUy 
capable  of  breaking  the  Cd-CN  oxnplex  and  removing  and  concentrating  Cd2-^  from  all 
four  of  the  pladng  rinsewaters.  The  Cd^-^  resin  coincides  from  pilot  operadons  were 
found  to  be  similar  to  the  results  found  in  the  labonratory  ion  exchange  snidy;  varying 
fixim  75  meq/L  for  Run  BC-2  (a  city  water  nm  with  low  Cd^*-  conccntnhon  and  a  high 
cadon  concentradon)  to  630  meq^  fOT  Run  BC-9  (a  RO  water  tun  with  a  low  Cd^-*^ 
concentradon  and  a  very  low  ionic  strength).  The  pilot  testing  also  demonstrated  the 
same  reladonship  between  non-Cd^-^  cadon  concentradon  and  Cd^-^  concentradon  and 
Cd2-^  resin  capacity  as  observed  in  the  laboratory  study; 

•  Cd^-*-  resin  capacity  increases  as  the  non-Cd2-^  cadon  concentradon  of  the  soludon 
decreases;  and 

•  Cd2-^  resin  capacity  increases  as  the  non-Cd2-^  cadon:Cd  molar  rado  decreases. 

The  capacity  of  the  resin  for  Cd2^,  as  predicmd  by  the  laboratory  results,  was  shown  to 
be  affected  by  the  cadon  concentradcm  of  the  water  being  used  in  the  plating  rinse  tank. 
The  city  water  at  NADEP  Nmth  Island  contains  high  concentradons  of  dissolved  solids 
such  as  calcium,  magnesium,  and  sodium  which  decreased  the  resin's  capacity  for  Cd2-^. 
The  results  showed  an  average  Cd^-^  resin  capacity  of  ISO  meq/L  for  the  city  water  runs 
with  low  Cd2>  concentradon;  an  average  Cd2-^  resin  capacity  of  430  meq/L  for  the  city 
water  runs  with  a  high  Cd^i-  concentradon;  an  average  Cd2-^  resin  capacity  of  480 
meq/L  for  the  RO  water  runs;  and  a  Cd2'^  resin  edacity  of  410  meq/L  for  the 
electrolydcally  treated  dragout  water. 

The  first  set  of  city  water  runs,  with  a  low  Cd2'^  concentradon,  had  the  lowest 
resin  capacity  because  these  runs  on  average  had  the  highest  cadon  concentradon  and 
die  highest  cadon:Ql  molar  rado.  The  second  set  of  city  water  runs,  with  a  high  012-^ 
concentradon,  had  much  higher  Cd2’^  resin  capacity  even  though  the  cadon 
concentradon  remained  constant  because  the  cadonrCd  molar  rado  decreased  from  60 
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to  30  (due  to  the  higher  Cd?^*  concentiadon).  The  RO  water  runs  had  a  slightly  better 
resin  edacity  than  the  second  set  of  city  water  runs  because  the  cation 
concentration  of  the  RO  water  runs  was  much  lower  than  the  city  water  runs;  therefore, 
the  cadontCd  molar  ratio  was  lower.  25.  The  results  of  these  thm  sets  of  runs  supports 
the  general  conclusion  that  the  Cd^-t-  tesin  capadty  increases  as  a  function  of  the 
decrease  in  the  cation  concentration  and  the  cadon.'Cd  molar  ratio. 

However  in  contrast  to  the  two  sets  of  city  water  runs  and  the  RO  water  runs,  the 
electrolytically  treated  dragout  water  run  did  not  coirelate  with  the  predicted  results  of 
the  labt^tory  model.  The  model  predicted  a  Cd2-»^  resin  capacity  of  1 70  meq/L  and  the 
actual  pilot  plant  result  was  410  meq/L.  The  reason  for  the  diffemence  between  the 
predicted  and  actual  results  is  unknown. 

Cation  Regeneration.  The  regeneration  of  the  cadmi  columns  was  performed  at 
several  different  flow  rates  over  a  range  of  0.5  BV/hr  to  5.0  BV/hr.  The  lower 
regeneration  flow  rates  resultol  in  a  more  concentrated  cadmium  sulfate  (CdS04) 
solution  eluting  from  the  column  in  a  smaller  number  of  bed  volumes.  For  a  flow  rate 
of  1.1  BV/hr  and  2.2  BV/hr,  the  GiS04  was  collected  between  1.5  and  2.5  bed 
volumes.  In  addidon,  a  flow  rate  of  2.2  BV/hr  or  less  a^)peared  to  minimiTe  leakage  of 
Cd^-^  from  freshly  regenerated  polishing  columns. 

In  addition,  the  apparent  recovery  during  regeneration  ranged  from  67%  to  157%  but 
averaged  at  nearly  100%.  The  concentrated  portion  of  the  regenerant  stream  was 
collected  for  processing  in  an  electrolytic  recovery  unit  (ERU)  to  recova  the  Cd^-*-  as 
Cd  metal.  The  average  concentration  of  the  eluate  was  approximately  1200  mg/L  and 
included  several  thousand  mg/L  of  other  cations,  includhig  Na'^,  Cla^-*^,  and  Mg2-^. 

The  concentrated  regenerant.  CdS04,  was  collected  and  processed  throu^  an  ERU  for 
recovery  of  Cd  metal.  Approximately  97%  of  the  cadmium  was  recovered  from  the 
solution  as  Od  metal,  however,  the  quality  of  the  pl^  was  poor.  The  quality  of  the 
plate  was  affeaed  by  the  high  current  density  applied,  the  slow  agitation  rate,  and  the 
extremely  low  pH  of  the  solution.  The  calculate  current  efficiency  was  very  low,  22%, 
indicating  that  almost  all  of  the  current  went  to  forming  hydrogen  gas.  It  is  ^ely  that 
the  recovered  cadmium  could  be  reused  in  the  plating  tank  (in  the  anode  bags)  or  the 
vacuum  cadmium  system  if  the  quality  of  the  plate  were  improved.  To  improve  the 
efficiency  and  quality  of  the  plate,  process  conditions  would  need  to  be  altered  to  raise 
the  pH  and  increase  the  agitation. 

(^nlde  Resin  Capacities.  The  recovery  and  reuse  of  CN-  from  the  plating 
rinsewater  using  an  aition  exchange  resin  was  not  an  efficient  recovery  technology  and 
was  eliminated  from  the  full-scale  design  for  two  reasons: 

•  The  high  concentration  of  non-CN-  anions  (e.g.,  COy^-,  SO42-,  Q- }  present  in  both 
the  city  water  and  the  plating  solution  had  a  strong  negative  intact  on  the  CN- 
resin  capacity;  and 

•  The  low  affinity  of  the  anion  resin  for  CN- produced  a  breakthrough  curve  where 
CN-  quickly  broke  through  the  resin  bed  at  ^e  regulatory  limit  (within  the  frrst  20 
bed  volumes)  and  then  slowly  reached  complete  breakthrough. 
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Because  of  the  high  concentration  of  anions  in  the  linsewater,  the  OH-CN  resin 
capacity  model  developed  in  the  laboratory  study  was  invalidated  and  could  not  be  used 
to  predict  the  actual  CN-  breakthrough.  While  the  model  was  not  able  to  predict  the 
actual  CN-  resin  capacity,  the  results  did  show  that  as  the  concentration  of  cyanide 
decreased  the  resin  CN-  opacity  decreased  as  demonstrated  in  the  laboratory  study. 

The  anion  columns  had  an  average  capacity  of  140  meq/L  when  using  city  water.  The 
capacity  was  slightly  increased  to  an  average  of  190  ma)/L  when  utiludng  RO  water, 
however,  this  is  still  only  15%  of  the  manufacturer's  estimate  of  total  resin  capacity. 

The  average  CN-  resin  capacity  for  the  electrolytically  treated  dragout  water  0^0  D.O.) 
was  450  meq/L.  This  higher  capacity  is  attributed  to  the  higher  CN-  solution 
concentration,  180  mg/L.  The  total  anion  concentration:CN-  ratio  for  these  runs  and  the 
RO  water  runs  are  identical,  indicating  that  CN-  solution  concentration  has  mote  of  an 
effect  on  CN*  resin  capacity  than  does  total  anion  concentration. 

As  mentioned  above,  the  low  affinity  of  the  anion  resin  for  CN-  produced  a 
breakthrough  curve  where  CN-  quickly  broke  through  the  resin  bed  at  the  regulatory 
limit  and  then  slowly  reached  complete  breakthrough.  The  swift  breakthrou^  caus^ 
die  polishing  column  to  also  reach  the  regulatory  breakthrough  rapidly;  therefore,  the 
anion  columns  were  quickly  out  of  compliance  with  the  Federal  F^treatment  Standards 
for  Metal  Finishers  (compliance  limit  of  1.2  mg/L  Total  Cyanide  [TCN]  daily 
maximum  and  0.65  mg/L  average  monthly  for  existing  systemsto).  The  effluent  from 
the  polishing  column  was  unable  to  maintain  this  compliance  level  for  more  than  a  few 
hours  after  teing  put  on-line.  In  order  to  maintain  compliance  for  even  a  complete  day 
the  volume  of  anion  resin  would  have  to  be  increased  by  a  factor  of  at  least  10. 

Anion  Regeneration.  Regeneration  of  the  anion  columns  indicated  poor  recovery  of 
the  CN-.  Recovery  of  CN-  ranged  from  12  to  15%,  and  the  concentration  of  CN-  in  the 
solution  was  approximately  6^  mg/L  which  is  far  below  the  plating  bath  concentration 
of  25,000  to  30,(X)0  mg/L.  In  addition,  the  anions  (e.g.,  Q-,  CO32-,  SO42-)  which 
compete  with  the  CN-  for  removal  by  the  anion  resin  are  also  removed  during 
regeneration  (some  of  which  are  considered  contaminants  to  the  plating  bath).  The  CN- 
was  also  noted  to  degrade  in  the  feed  tank  of  the  ion  exchange  system  into  cyanates 
((ZNO)  which  are  also  plating  bath  contaminants.  Thus  the  low  concentration  of  CN- 
and  the  presence  of  plating  bath  contaminants,  make  the  reuse  of  the  anion  eluate  in  the 
plating  bath  impossible  without  additional  processing. 

Because  the  CN-  solution  cannot  be  reused  directly  in  the  plating  bath  and  the  anion 
columns  are  not  reliable  for  maintaining  compliance  with  the  regulatory  limits,  the  use 
of  ion  exchange  for  the  treatment  of  CN-  was  not  included  in  the  prelin^ary  design. 
Instead,  conventional  alkaline  chlorination  was  the  assumed  method  for  treating  the 
CN-  contaminated  streams  exiting  the  cation  coluiims. 

Full-Scale  Design.  Based  on  the  results  of  the  pilot  test  study,  full-scale  designs  were 
prepared  for  two  treatment  systems: 

•  Option  No.  1  -  Includes  cation  exchange  for  the  removal  of  Cd^-^,  followed  by 
reverse  osmosis  to  concentrate  the  CN-  and  further  treat  the  cation  exchange 
effluent  The  concentrated  CN-  stream  is  discharged  to  the  IWTP  where  it  will 
undergo  alkaline  chlorination.  The  treated  RO  water  is  returned  to  the  Cd-CN  rinse 
tank  as  rinsewater,  and 
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•  Option  No.  2  •  Includes  cation  exchange  for  the  removal  of  The  effluent  from 
the  cation  exchanger  is  discharged  dir^y  to  the  IW7T  where  it  untkigo 
alkaline  chlorination. 

The  options  differ  both  in  the  conqmnents  comprising  the  system  and  also  in  the  quality 
of  the  rinsewater.  Option  No.  2  assumes  the  use  of  RO  water  as  makeiq>  to  tte  rinse 
tank.  Optitm  No.  2  assumes  city  water  as  makeup  to  the  rinse  tank.  The  basic 
characteristics  of  the  wastewater  for  each  of  the  options,  with  a  total  flow  of  1,000 
gallons  per  day,  is  as  follows: 


Coneenirallon  (mg/l) 


Constituent 

Option  No.  1 

Option  No.  2 

Cd2^ 

30 

30 

CN- 

75 

75 

Nv 

175 

225 

Ca2* 

0 

70 

Mga+ 

0 

30 

cxv- 

100 

75 

S04*- 

5 

275 

Ch 

70 

105 

pH 

10.S 

95 

Capital  and  Operating  Coats.  Upon  completicNi  of  die  full-scale  designs,  capital  and 
operating  costs  were  developed  for  both  options.  The  costs  were  conyared  to  each 
other  to  determine  which  system  was  ectmomically  favorable.  The  capital  costs  for  each 
system  are  as  follows: 

•  Option  No.  1  (  with  RO)  -  $209,500 

•  Option  No.  2 -$204,400 

The  annual  operating  costs  for  the  two  systems  are: 

•  Option  No.  1- $68,200 

•  Option  No.  2 -$71,100 

These  costs  are  lower  than  the  costs  developed  during  die  conduct  of  the  the  Laboratory 
Study^  because  the  size  of  the  system  is  smaller.  1,000  gpd  for  this  study  vs.  10,000 
gpd  for  the  Laboratoiy  Study. 

The  capital  cost  for  both  systems  are  nearly  the  same.  The  RO  system  in  Option  No.  1 
adds  ^ital  cost  while  the  capital  cost  for  Option  No.  2  is  affect  by  the  lower  resin 
capacity  as  a  result  of  the  poorer  quality  water  requiring  larger  resin  volume.  Capital 
costs  for  both  Options  can  be  reduced  (by  equal  ratios)  if  a  system  is  specified  widi  less 
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automatic  controls.  Such  a  system  would  require  more  q)era^g  labor  (higher 
q)erating  costs),  and  manual  cmitrol.  The  capital  costs  for  this  study,  however,  were 
based  uptm  an  automated  system  requiring  minimal  (^)erator  supervision. 

The  (^imting  cost  associated  with  bodi  systems  are  split  almost  equally  between  fixed 
and  variable  costs.  Operating  costs  for  Option  No.  2  are  higher  thw  for  ^don  No.  1, 
due  to  the  larger  chemical  volumes  required  for  resin  regeneraticm  and  rinsing.  In 
addition.  Option  No.  2  does  not  include  any  water  recycle  to  the  Cd>CN  rinse  tank, 
resulting  in  a  larger  volume  of  wastewater  being  discharged  to  the  IWTP. 

The  cs^ital  and  operating  costs  developed  in  an  earlier  study  for  a  cmiventitMial  metals 
precipitation  and  alkaline  chlorination  treatnoent  system  for  a  1000  gpd  system  are  as 
follows: 

•  Capital  Costs  -  $1 1S,0(X);  and 

•  Operating  Costs  -  $47,(XX)^ear 

The  C2q>ital  costs  is  approxitrutely  50%  lower  for  the  conventional  system  than  for  the 
ion  exchange/electrolj^c  recovery  system,  and  the  operating  costs  ate  also  lower.  Tlw 
hidden  costs  of  hazardous  waste  generation,  however,  must  also  be  examined  when 
conqraring  costs. 

Recommendations.  Ion  exchange  can  be  applied  to  treat  Cd>CN  plating  rinsewater. 
The  use  of  cation  exchange  and  electrolytic  recovery  is  shown  to  be  very  successful  as 
a  treatment  process  as  w(^  as  a  recovery  process  for  Cd  metal.  The  effluent  from  the 
polishing  columns  was  below  the  Federal  regulatory  Umits  for  most  runs  (0.69  mg/L 
daily  maximum  and  0.26  mg/L  irxmthly  average).  Anion  exchange,  however,  is  not 
recommended  as  a  treatment  and  recovery  option  for  CN*  due  to:  the  low  resin  ciqracity 
for  CN'*,  the  inability  to  maintain  compliwce  with  Federal  regulatory  limits;  the  poor 
quali^  of  the  concentrated  regenerant;  the  ease  of  treatment  of  cyanide  in  an  alkaline 
chlorination  system;  and  the  low  cost  of  purchasing  virgin  NaCN. 

In  addition,  the  use  of  RO  as  a  pretreatment  process  for  the  water  feeding  the  rinse  tank 
and  as  a  treatment  process  to  allow  recycle  of  the  treated  rinsewater  lowers  the 
operating  costs  of  the  full-scale  system.  There  are,  however,  several  concerns 
associate  with  the  treatment  system  diat  should  Iw  address^  prior  to  implementing  a 
full-scale  system.  These  concerns  include  the  following: 

•  The  use  of  pH  adjustment  and/or  the  use  of  additives  to  improve  the  plate  quality  in 
theERU; 

•  The  ability  of  the  existing  IWTP  to  handle  the  low  volume,  high  concentration  of 
CN-  bearing  waste  generated  by  the  RO  unit; 

•  The  distribution  system  required  to  recycle  the  treated  water  back  to  the  Cd-CN 
rinsewater  tank;  and 

•  The  level  of  automation  desired  for  the  system; 

•  Reuse  of  acid  eluate  for  regeneration  and  the  required  bleed  stream  to  maintain  an 
acceptable  level  of  dissolved  solids;  and 
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.  Verificatkw  of  the  ahUiiy  10  iw)periy  control  the  RO-basediwexc^ 

based  on  breakthrough  of  the  lead  column. 
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Appendix  A:  Summary  of  Sampling  and  Analytical  Procedures 
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FiguraA-1:  Samptlng  Malrlx 
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Appendix  B: 


Cation  Column  Breakthrough  and  ftegeneration  Cunrea 


Figure  B-1:  Column  C-1  Breakthrough  (Run  BC-2)  4/13-4/15 
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Throughput  (Bod  Volumoo) 


Figure  B>6:  Column  C-1  BreaMhrough  (Run  BC-11)  6/24-6/25 
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Flgur*  B-10:  Column  03  Rogonoratlon  (Run  R05)  4/16 
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FIgui*  B-12:  Column  03  Rogonoratlon  (Run  RC-7)  S/14 
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Flgur«B-17:  Column  C-1  Rogonoratlon  (Run  RC-12) 
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Ftgur*  B-18:  Column  C-2  Rogonoration  (Run  RC-13)  fi/24 
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Flgur»B-21:  Column  C-1  Regeneration  (Run  RC-1 6)  7/22 
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AMMNidlx  C:  Anion  Column  Bfookthrough  and  Regonoratlon  Curvos 
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Ftgura  04:  Cotumn  A-1  BrMMhrough  (Run  BA4)  8/20 
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Figim  C4:  Coluinn  A-1  Breakthrough  (Run  BA-6)  6/24 
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Figure  C-11 :  Column  A-2  Regeneration  (Run  RA-7)  6/18 
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FIgura  C-12:  Coluiim  A-1  Regeneration  (Run  RA-8)  MZ 
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Figure  C-14:  Column  A*2  Rogenoratlon  (Run  RA-10)  WA 
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Appendix  D:  Summary  of  Analytical  Results 
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NCEL  Ion  Exchange  PNol  Program  Sampta  Ratulla  (mg/I) 
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NCEL  Ion  Exehongo  Pilot  Program  Sampio  Ratuila  (mg/I) 
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Appendix  E:  Equipment  List  and  Costs  for  Option  No.  l 


TqM  Com 


Tabte  E*1:  Equlpmant  Uat  and  CoMa  for  Option  No.  1 

Unit 

Itam  Daaerlptlon  Coat 


No.  o« 
Unita 


Modular  Inatallad 

Factor  C»at 


Syatam  100  •  Food  Syatam 


T-101 

Surga  Tank,  flat  bottom 

250  gallon,  HOPE 

$600 

1 

$600 

1.96 

$1,176 

T-102 

Holding  Tank 

750  gallon,  HOPE 
cona-bottom  with  stand 

$2,000 

1 

$2,9C0 

2.55 

$7,395 

F-101 

In-lina  Strainar 

$420 

1 

$420 

1.21 

$506 

F-102.  F-103 

Suspandad  Solids 

Filters,  5  micron  wound 
filtars,  PVC  housing 

$250 

2 

$500 

1.21 

$605 

P-101 

Transfer  Pump 

3  gpm,  10  psi 

Poiypropylana  wattad  parts, 
air  diaphragm  pump. 

$450 

1 

$450 

3.36 

$1,521 

P-102.  P-103 

Food  Pumps 

10  gpm,  100  psi,  2HP 

CPVC,  two-staga,  floodad 
suction  cantrHugal 

$1,200 

2 

$2,400 

3.38 

$6,112 

Syatam  100 

Subtotal 

$7,270 

$19,317 

Sourca;  Arthur  0.  Uttia,  Inc. 


TabI*  E*1:  Equlpmant  List  and  Coata  tor  Option  No.  1 


UnH 

No.  of 

Total  Coat 

Modular 

Installed 

itam 

Daaerlptlon 

Cost 

Units 

Factor 

Cost 

Syatam  200  •Cation  Exehanga  Syatam 

S-201 

Cation  Exchange  Skid 

Thraa  ion  axchanga  cokimns 
oparatad  in  sarias,  two  in 
operation  with  one  in  standby. 
Each  column  holds  1  cu  ft 

$35,000 

1 

$35,000 

2.26 

$79,100 

of  rosin,  1*  PVC  piping 
with  automatic  valves ; 

PLC  controlled  raganaration. 
Each  column  is  designed  to 
be  online  for  5  days  before 
regeneration. 

1-202 

Initial  Charge  of  Cation  Resin 

$330 

3 

$990 

1.1 

$1,089 

Ambarlita  IRC-718,  3  cu 
ft  total. 


Syatam  200  Subtotal  $35,990  $60,139 


Sourca:  Arthur  D.  Littia,  Inc. 
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AMoetatiam  Ikw  Intermatleii  and  l■•lwg•Rl•lrt 

1100  Wayne  Avenue.  Suite  1100 
Silver  Spring.  Maryland  20910 

301/687-8202 


MRNUFPCTURED  TO  RUM  STRNDRRDS 
BY  RPPLIED  IMRGE,  INC. 


Table  E*1:  Equipment  Uat  and  Ceata  for  Option  No.  1 


Item 

Doaerlptlon 

UnH 

Coat 

No.  of 
Unite 

Total  Cost 

Modular 

Factor 

Installed 

Coat 

Syatam  300  • 

Cation  Regeneration  and  Elaetrolytle  Recovery 

T-301 

Sulfuric  Acid  Day  Tank 

55  gaiiona.  HOPE, 
cone  bottomed  with  stand 

$700 

1 

$700 

2.55 

$1,785 

T-302 

Sodium  Hydroxide  Day  Tank 

55  gallons.  HOPE, 
cone  bottomed  with  stand 

$700 

1 

$700 

2.55 

$1,785 

T-303 

ERU  Recirculation  Tank 

30  gallons.  HOPE, 
rectangular  with  cover 

$175 

1 

$175 

2.55 

$446 

P-301.  P-302 

Sulfuric  Acid  Metering  Pump 
and  sodium  hydroxide  meter¬ 
ing  pump. 

.1-1  gpm.  50  psi.  316  SS 
centrifugal  pump. 

$850 

2 

$1,700 

3.38 

$5,746 

P-304 

Spent  sulfuric  acid 
transfer  pump.  10  gpm. 

10  psi.  polypropylene 
watted  parts.air  diaphragm. 

$450 

1 

$450 

3.38 

$1,521 

E-301,  P-303 

Electrolytic  Recovery  Unit 
and  recirculation  pump. 

Batch  system  with  ERU 
capacity  of  12.5  gallons. 
Opan-linad  vassal 
regulated  DC  power  supply. 
Stainless  steal 
anode  and  cathodes. 

$5,000 

1 

$5,000 

2.26 

$11,300 

MXR-301. 

MXR-302 

Direct  Drive  Air  Mixer 

1/4  HP 

$700 

2 

$1,400 

2.55 

$3,570 

Syatam  300  Subtotal 

$10,125 

$26,153 

Source;  Arthur  0.  Uttla,  Inc. 
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TabI*  E«1:  Equipnwnt  List  and  Costs  for  Option  No.  1 


Itam 

Syatam  400  • 

Daseriptlon 

Ravarsa  Osmosis  (RO)  Systsm 

UnH 

Cost 

No.  of 
Units 

Total  Cost 

Modular 

Factor 

Installed 

Cost 

T-401 

RO  Equalization  Tank 

500  gaJlon,  HOPE,  writh 
covar,  flat  bottom 

$1,000 

1 

$1,000 

2.55 

$2,550 

P-401.  RO-401 

Ravarsa  Osmosis  Prooass 

Unk.  1-5  gpm  faad  rata, 

$20,000 

1 

$20,000 

2.26 

$45,200 

7S%  raoovsry,  90 
to  95%  rajadion. 


Syatam  400  Subtotal 


$21,000 


$47,750 


Option  No.  1  Syatam  •  Total 


$74,305  $173,500 


Sourca:  Arthur  0.  Uttia,  (nc. 
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TabI*  FI;  Equipnwnt  Ltet  and  Ceata  lor  Option  No.  2 


Item 

Doacriptlon 

Unit 

Coat 

No.  Of 
UnHa 

Total 

Coat 

Modular 

Factor 

Inat  led 
Coat 

Syatam  100  • 

Faad  Syatam 

T-101 

Surge  Tartk,  flat  bottom 

250  gallon.  HOPE 

$600 

1 

$600 

1.06 

$1,176 

T-102 

Holding  Tank 

1000  gallon.  HOPE 
cone-bottom  with  atand. 

$3,250 

1 

$3,250 

2.55 

$8,288 

F-101 

In-line  Strainer 

$420 

1 

$420 

1.21 

$508 

F-102.  F-ioa 

Suapended  Solida 

Rltera.  5  micran  wound 
filtara,  PVC  houaing 

$250 

2 

$500 

1.21 

$605 

P-101 

Tranafer  Pump 

3  gpm.  10  pai 

polypropylene  wetted  parta, 
air  diaphragm  pump. 

$450 

1 

$450 

3.38 

$1,521 

P.102.  P-103 

Feed  Pumpa 

$1,200 

2 

$2,400 

3.38 

$8,112 

10  gpm.  100  p«i,  2HP 
CPVC,  fJoodad  auction, 
atagad  eantrifugal  pump. 


Syatam  100  Subtotal 


$7,620 


$20,210 


Source:  Arthur  D.  Uttia,  Inc. 


Table  F-1;  Equipment  Uat  and  Ceata  far  Option  No.  2 

Unit 

Itam  Deaerlptlen  Coat 


No.  of 
Unite 


Syatem  200  -Cation  Exehango  Syatam 

S-201  Cation  Exchange  Skid  $45,000 

Throe  ion  axehanga  columns 
operated  in  aarias,  two  in 
operation  with  one  in  standby. 

Each  column  holds  2.5  cu  ft 
of  resin.  1*  PVC  piping 
with  automatic  valves; 

PLC  controlled  raganaration. 

Each  column  is  designed  to 
be  online  for  5  days  bafora 
raganaration. 

1-202  Initial  Charge  of  Cation  Rosin  $330 

AmbarlHa  IRC-718,  7.5  cu 
ft  total. 


Total  Modular 

Coat  Faetor 


$45,000  2.26 


$2,475  1.1 


Syatam  200  Subtotal 


$47,475 


Source:  Arthur  D.  Uttla,  Inc. 


Inai.  .'sd 
Coat 


$101,700 


$2,723 


$104,423 
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Tabte  F»1:  Equlpfiwnt  List  and  Costa  for  Option  No.  2 


Itsm 

Doserlptlon 

Unit 

Cost 

No.ol 

Units 

Total 

Cost 

Modular 

Factor 

Installed 

Coat 

Systam  300  • 

Cation  Roganaratlon  and  Elaetrolytle  Raeovary 

T-301 

Sulfuric  Acid  Day  Tank 

ISO  gallons.  HOPE 
cons-bottoma  with  stand 

$9S0 

1 

$9S0 

2.SS 

$2,423 

T-302 

Sodium  Hydroxida  Day  Tank 

ISO  gallons.  HOPE 
cona-bottoma  with  stand 

$0S0 

1 

$9S0 

2.SS 

$2,423 

T-303 

ERU  Radrculation  Tank 

SO  gallons.  HOPE 
rsctangular  with  covar 

$2S0 

1 

$2S0 

2.SS 

$638 

P-301.  P-302 

Sulfuric  Add  Matsring  Pump 
and  sodium  hydroxida  matar- 
ing  pump. 

1  (ptm.  SO  psi.  3/4  HP 

316  SS  oantrifugal  pump 

$8S0 

2 

$1,700 

3.38 

$5,746 

P-304 

Spant  sulfuric  add 
transfar  pump.  10  gpm. 

10  psi.  pdypropylana 
wattad  parts,  air  diaphragm. 

$4S0 

1 

$4S0 

3.38 

$1,521 

E-301.  P-303 

Eladrolytie  Raoovary  Unit 
and  radrculation  pump. 

Batch  systam  with  ERU 
capacity  of  20  gallons. 

Automatic  pH  adjustment,  opan 
lined  vassal  .  rsgulatad  DC 
power  supply.  Stainless  steal 
arwda  and  cathodes. 

$10,700 

1 

$10,700 

2.55 

$27,285 

MXR-301. 

MXR-302 

Dired  Drive  Air  Mixer 

1/2  HP 

$900 

2 

$1,600 

2.55 

$4,590 

Systam  300  Subtotal 

$16,800 

$44,625 

Option  No.  2  Systam  •  Total 

S71.69S 

$170,000 

Sourca:  Arthur  D.  Uttia,  Inc. 
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Appendix  G  -  Cost  Estimation  Approach 


Explanation  of  Modular  Factors  for  Installed  Equipment  Cost 

Kenneth  Guthrie^  has  developed  a  method  for  estimating  c^tal  cost  purchases  whkh 
utiUzes  a  modular  factor  to  account  for  indirect  costs  in  a^tum  to  the  ciyntal  purchase 
price  of  a  unit  piece  of  equipment  We  have  used  Guthrie’s  Chemical  Process  Module 
to  estimi  .  modular  factors  for  the  itm  exchange  equipment  Guthrie  provides 
published  modular  factors  for  some  q)ecific  equipment  whereas  some  rrxididar  factors 
were  estimated. 

Figure  G-1  is  an  illustration  of  Gutiuie’s  Chemical  Process  Module.  This  illustration 
assumes  an  equipment  capital  investment  of  $100,000.  One  can  use  a  combination  of 
the  illustrated  factors  to  arrive  at  the  total  module  cost  Included  in  die  factors  are  such 
items  as  materials,  labor,  electrical,  instrumentation,  steel,  piping,  concrete,  insulatirxi, 
paint  and  field  installation.  An  explanation  of  the  various  facmrs  is  provided  below. 

Material  Factor:  Indicates  the  relationship  between  the  capital  equipment  cost  and 
total  field  materials  associated  with  the  equipment  The  material  factor  generally 
ranges  from  1.42  to  1.75. 

Labor  Factor:  This  includes  aU  field  labor  required  to  install  the  equipment  and  erect 
die  field  materials.  It  generally  ranges  from  0.54  to  0.66.  This  does  not  include  fringe 
benefits  or  labor  burdens,  which  are  included  in  the  overhead  account 

UM  Ratio:  Relates  direct  labor  to  direct  material.  It  is  an  mqxxtant  measure  of 
productivity  and  ranges  from  0.32  to  0.4. 

Direct  Coat  Factor  (M&L):  Relates  equipment  capital  cost  to  the  dost  of  the  equqnnent 
togedier  with  cost  of  field  materials  and  field  labor  necessary  to  install  the  equipment 
on  a  prepared  job  site.  Ranges  ftran  1.8  to  2.6. 

Indirect  Cost  Factor:  Includes  indirect  cost  elements  associated  with  the  noodule  or 
project  This  factor  is  sensitive  to  materials  of  construction,  labor  productivity,  field 
supervision,  site  locatitm,  and  dollar  magnitude.  The  average  value  is  1.34  to  1.38. 

Bare  Module  Factor:  This  include  all  direct  and  indirect  cost  elements  in  the  process 
module,  and  is  used  as  a  multiplier  on  the  equipment  cost  It  is  a  measure  of  the  cost 
required  to  integrate  single  or  multiple  pieces  of  equqmient  into  a  system.  This  facux 
ranges  from  2.38  to  3.64. 

Total  Module  Factor:  Includes  all  estimated  costs  in  the  bare  module  plus  any 
contingencies  considered  necessary  to  adjust  for  unlisted  items  or  due  to  the  lack  of 
sufficient  detailed  design  information  as  well  as  contractor  fee.  The  contingency  used 
ranges  from  18  to  30%. 


Development  of  Modular  Faetore 


The  modular  factors  shown  in  Appendix  End  Fare  Total  Module  Factors.  The 
following  is  an  explanaticm  of  the  source  of  these  modulv  factors. 

Pumpa: 

Punops  require  electrical  or  pneumatic  power,  instrunoentation  such  as  pressure  gauges 
and  level  controls,  piping  connections,  and  mounting.  These  costs  are  taken  into 
account  by  the  modular  factor  outlined  by  Guthrie.  A  module  facuv  of  3.38  is 
estimated  which  includes  piping,  cot^rete,  instruments,  electrical,  insulatkm,  and  paint 
die  factor  also  included  ^Id  l^w,  material  erection,  freight  insurance,  and  taxes.  No 
ccmtingency  was  added  to  this  factor  due  to  the  simplicity  of  the  installation. 

Tanks: 

Again,  a  factor  taken  from  Guthrie  was  used  for  installed  tank  cost  For  cone-bottomed 
umks  a  bare  module  factor  of  1.96  was  used  with  a  contingency  of  30%,  resulting  in  a 
total  module  factor  of  2.S5.  All  flat  botttxn  tanks  were  assumed  to  have  no  contingency 
and  had  a  total  module  factor  of  1.96.  Tank  installation  includes  setup  labor  and 
piping. 

Mixers: 

GudirieS  provides  Field  Installation  Factors  for  specific  pieces  of  equipment  Propeller 
mixers  are  estimated  to  have  a  field  installation  factor  of  1.38.  If  it  is  assumed  dut  the 
indirect  factor  is  1.38  and  an  additimial  30%  contingency  is  added,  the  total  module 
factor  is  equal  to:  1.38  x  138  x  1.3  «  23. 

Other: 

The  total  module  factors  for  the  odier  equipment  modules  were  estimated.  These 
include  the  following: 

Equipment  Total  Module  Factor 

In-line  Strainer  1.21 

Su^nded  Solids  Filter  1.21 

Initial  Qiarge  of  Resin  1.1 

Ion  Exchange  Sldd  2.26 

Electrolytic  Reco^iy  System  2.26 

Reverse  Osmosis  System  2.26 

The  in-line  strainer,  suspen^  solids  filter,  and  resin  charge  all  have  very  low  modular 
factors.  This  is  due  to  the  sinqilicity  of  the  installation,  the  tninimum  amount  of  l^xnr 
required,  and  the  possibility  that  the  modular  frurtors  for  the  other  major  pieces  of 
equipment  already  have  s<»ne  piping  and  installation  labor  built  in  which  may  include 
these  auxiliaiy  pieces  of  equipment  The  ion  exchange  sldd,  the  electrolytic  recoveiy 
system,  and  the  RO  system  also  have  estimated  modular  factors.  Again,  the  factors  are 
less  than  those  for  tai^  and  puoqis  because  they  are  assumed  to  be  sldd-mounted 
^sterns  with  little  installation  labor  required.  Smne  labor  is  required  for 
instrumentation,  rigging,  pipe  connections,  and  power. 
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Figure  G-1 :  Chemical  Proeaee  Module 
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Source:  Guthrie.  K.  M..  Chemical  Enghaaring.  March  24, 1969. 


ApfMTidlx  H:  Wat»r  Balance  and  Chemical  Consumption  CalculaUona 


Appendix  H  -  Calculations 


Watar  Balance 

Option  No.  1  (with  RO  Treatmoit) 


Rinsewater  and  chemical  requirements  for  regeneration; 


Regen 

Step 

Htdding 

Tank 

ERU 

Tank 

NaOH 

Tank 

IWTP 

Total 

(gals) 

Initial 

Rinse 

60 

60 

Acid 

Regen 

8 

5 

13 

Slow 

Rinse 

8 

14 

22 

Fast 

Rinse 

105 

105 

NaOH 

Neut. 

7 

8 

15 

Final 

Rinse 

8 

97 

105 

Totals 

68 

13 

15 

224 

224  gallons  to  IWTP  every  five  days  ficnn  regen 
224/5  s  44.8  gallons  per  ^y  (gpd) 

Total  rinsewater  use  =  60  +  22  'f  lOS  'f  105  -  292  gals 
292  gals/  5  days  =  58.4  gpd 

Assume  25  gallons  per  day  lost  to  evs^xxation  and  diagout 
Assunre  RO  receives  1000  gpd  rinsewater  -i-  recycle  to  hold  tanks 
1000 -f  136/5  =  1014  gpd 

Assume  75%  Flow  recovery  in  RO 
(1000  + 14)  X  75%  =  760  gpd  Recycled 
(1000  + 14)  X  25%=  253  gpd  to  IWTP 

Total  makeup  required  in  rinse  tank  = 

1000  +  25  -  760  =  265 gpd 

Total  Discharge  to  IWTP  = 

44.8  gpd  +  253  gpd  =  298  gpd 

Total  water  use  = 

265  +  58.4  =  323  gpd  x  365  days^ear  x  1  1000  gallons/1000  gallons 
=  118  1000  gallons  per  year  warer  use 
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Ofrtion  No.  2  (without  RO  Treatment) 
Assume  KXX)  gpd  of  linsewater  required. 


Rinsewato'  and  chemical  requirements  for  regeneration: 


Regen 

Step 

Holding 

Tank 

ERU 

Tank 

NaOH 

Tank 

IWTP 

Total 

(^) 

Initial 

Rinse 

150 

150 

Acid 

Regen 

20 

12 

32 

Slow 

Rinse 

20 

36 

36 

Fast 

Rinse 

262 

262 

NaOH 

Neut 

19 

18 

37 

Final 

Rinse 

12 

250 

262 

Totals 

170 

32 

31 

566 

566  gallons  to  IWTP  every  five  days  from  regen 
5^5  s  1 13^2  gallons  per  day  (gpd) 

Total  rinsewater  use  »  ISO  56  -t-  2S2  *  262  «  730  gals 
730  gals/5  days  »  146  gpd 

Assume  25  gallons  per  day  lost  to  evapmatitm  and  dragout 

Assume  cation  exchuger  receives  1000  gpd  rinsewater  +  recycle  to  hold  tanks 

1000+ 170/5  «  1034  gpd 

Total  makeup  required  in  rinse  tank  » 

1000  +  25  s  1025  gpd 

Total  Discharge  to  IWTP  = 

113  gpd +1034  gpd  =1147  gpd 

Total  water  use  = 

1025  +  146  s  1147  gpd  x  365  days^ear  x  1  1000  gallons/l(X)0  gallons 
=  419  1000  gallons  per  year  water  use 


Chemical  Consumption 
Options  No.  1 

Acid  Regeneration:  13  galltms  10%  H2S04  required  per  regeneration 

73  regens  /year  x  13  gallons  /  regen  « 

950  gallons  per  year  10%  H2S04 

Assume  lose  10%  to  bleed  stream  «  95  gallons  per  year 

Assume  70%  of  the  remaining  is  reused  =  600  gallons  per  year 

950  gallons  required  •  600  gallmis  recycled 
s  350  gallons  ^  year  of  10%  acid  required  to  be  purchased 

Need  3.1  gallons  of  98%  H2S04  for  every  50  gallons  to  make  a  10%  solution. 

s  22  gallons  of  98%  acid  per  year 

Use  25  gallons 

NaOH  Neutralization:  15  gallons  5%  NaOH  required  per  regeneration 

1  regen/ 5  days  X  73  regens/ year  X 15  gallons/regen 
=  1W5  gaDors  .ler  year  of  5%  NaOH 

Assume  lose  10%  to  bleed  stream  s  1 10  gallcms  per  year 

Assume  70%  of  the  remaining  is  reused  »  690  gallons  per  year 

1095  gallons  required  •  690  galloos  recycled 
s  405  gallons  per  year  of  5%  NaCHl  required  to  be  purchased 

Need  7.3  gallcms  of  50%  NaOH  for  emy  100  galltms  of  water 

-  30  gallons  of  50%  NaOH  per  year 

Use  35  gallons 
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Clwmlcal  Consumption 
Options  No.  2  (Without  RO  System) 

Acid  Regeneratioo:  32  gallons  10%  H2S04  requiied  per  regeneration 

73  regens  ^ear  x  32  gallons  /  regen  » 

2336  gallons  per  year  10%  H2S04 

Assume  lose  10%  to  bleed  stream  »  234  galkms  per  year 

Assume  70%  of  the  remaining  is  reused  s  1471  gallons  per  year 

2336  gallons  requu.4  •  1471  galltms  recycled 
s  865  gallons  per  year  of  10%  add  requned  to  be  purchased 

Need  3.1  gallons  of  98%  H2S04  for  every  SO  gallons  to  make  a  10%  solution. 

«  54  gallons  of  98%  add  per  year 

Use  60  gallons 

NaOH  Neutralization:  38  gallons  5%  NaOH  required  per  regeneration 

1  regen  /5  days  x  73  regens  /year  x  38  gallons/regen 
s  171 A  gs^ons  per  year  of  5%  NaOH 

Assume  lose  10%  to  bleed  stream  «  277  gallons  per  year 

Assume  70%  of  the  remaiiung  is  reused  « 1748  gallons  per  year 

2774  gallons  required  -  1748  gallons  recycled 
« 1026  gallons  ^  year  of  5%  NaOH  required  to  be  purchased 

Need  7.3  galkms  of  50%  NaOH  for  every  100  gallons  of  water 

=  75  gallons  of  50%  NaOH  per  year 

Use  80  gallons 


Cadmium  Recovery 
1000  gpd  at  30  mg/L  Cd 
1000 gpd-  3785Lx30mg/L 
« 1 14  gnuns/day  Cd  x  365  days/year 
*  41,145  grams^ear  x  llb/454  grams 


91  Ibs^ear  Cd  recovered 


OISTUBOTION  LIST 


AFIT  /  CAPT  SCHMIDT,  WRIGHT-PATTERSON  AFB,  OH;  DEV,  WRIGITr-PATIERSON 
AFB,  OH 

ARMY  CERL  /  LIB,  CHAMPAIGN,  IL 

ARMY  CRREL  /  CRREL-IC,  HANOVER,  NH;  ISKANDAR,  HANOVER,  NH 
ARMY  DEPOT  /  LETTERKENNY,  SDSLE-EN,  CHAMBERSBURG,  PA 
ARMY  EHA  /  HSE-RP-HG,  ABERDEEN  PROVING  GROUND,  MD;  HSHB-EA-S,  SMITH, 
ABERDEEN  PROVING  GROUND,  MD;  V630.  ABERDEEN  PROVING  GROUND,  MD 
ARMY  ENGRG  DIST  /  LIB,  PORTLAND,  OR;  LIB,  PHILADELPHIA,  PA 
ARMY  EWES  /  LIB,  VICKSBURG,  MS 
AWVA  RSCH  FOlM)ATION  /  JO  CATLIN,  DENVER,  CO 
BUREAU  OF  RECLAMATION  /  D-1512  (GS  DEPUY),  DENVER.  CO 
CBC  /  CODE  155.  PORT  HUENEME,  CA 

CHESNAVFACENGCOM  /  CODE  04.  WASHINGTON,  DC;  CODE  114.1,  WASHINGTON,  DC 
GSA  /  CODE  PCDP.  WASHINGTON,  DC 

LAKTNAVFACENGCOM  DET  EUR  /  BR  OFC,  DIR,  NAPLES,  ITALY,  FPO  AE;  CODE 
1632,  NORFOLK,  VA;  CODE  405,  NORFOLK,  VA 
LBNSY  /  CODE  106.3,  LONG  BEACH,  CA 

MCAS  /  CODE  LCU,  CHERRY  POINT,  NC;  NREA  DEPT,  CHERRY  POIMT,  NC 
MCLB  /  CODE  520,  ALBANY,  GA 
MCRDAC  /  NSAP  REP.  QUANTICO,  VA 

NAS  /  CODE  187,  JACKSONVILLE,  FL;  CODE  421,  SAN  DIEGO,  CA 

NAS  PENSACOLA  /  FAC  MGMT  OFFICER,  PENSACOLA,  FL 

NATL  ACADEMY  OF  ENGRY  /  ALEXANDRIA,  VA 

NAVAIRWARCENACDIV  /  CODE  83,  PATUXENT  RIVER,  MD 

NAVAIRWPNSTA  /  CODE  07301  (CORRIGAN),  POINT  MUGU,  CA 

NAVAVIONICCEN  /  CODE  D'701,  INDIANAPOLIS,  IN;  PWO,  INDIANAPOLIS,  IN 

NAVCONSTRACEN  /  CO,  PORT  HUENEME,  CA;  CODE  B'l,  PORT  HUENEME,  CA 

NAVFACENGCOM  /  CODE  04A3,  ALEXANDRIA,  VA;  CODE  04A3C,  HUBLER, 

ALEXANDRIA,  VA;  CODE  04A4E,  ALEXANDRIA,  VA;  CODE  051A,  ALEXANDRIA,  VA; 
CODE  083,  ALEXANDRIA,  VA 

NAVFACENGCOM  CONTRACTS  /  ROICC,  TWENTYNINE  PALMS,  CA 
NAVSHIPYD  /  CODE  106,  PEARL  HARBOR,  HI;  CODE  106.4  STARYNSKI, 

PHILADELPHIA,  PA;  CODE  308.3,  PEARL  HARBOR,  HI;  TECH  LIB,  PORTSMOUTH, 
NH 

NAVSTA  /  CODE  423,  NORFOI^,  VA 
NAVSTA  PUGET  SOUND  /  CODE  922,  EVERETT,  WA 
NAVSWC  /  CODE  W42  (GS  HAGA),  DAHLGREN,  VA 
NAVTECHTRACEN  /  UPSON,  PENSACOLA,  FL 
NAVWPNCEN  /  CODE  2637,  CHINA  LAKE,  CA 

NORTHNAVFACENGCOM  /  CO,  LESTER,  PA;  CODE  164,  LESTER,  PA 
NPWC  /  CODE  414,  NORFOLK,  VA 
NPWD  /  CODE  418,  SEATTLE,  WA 

NRL  /  CODE  2511.  WASHINGTON,  DC;  CODE  2530.1,  WASHINGTON,  DC 

NSWC  /  CODE  09RA,  INDIAN  HEAD,  MD 

NSWC-IHD  /  CODE  095,  INDIAN  HEAD,  HD 

OREGON  STATE  UNIV  /  CE  DEPT  (YIM),  CORVALLIS,  OR 


DL-1 


PWC  /  ACE  OFFICE,  NORFOLK,  VA;  CODE  400,  WASHINGTON,  DC;  CODE  420, 
OAKLAND,  CA;  CODE  421  (KAYA),  PEARL  HARBOR,  HI;  CODE  421  (KIHURA), 
PEARL  HARBOR,  HI;  CODE  421  (REYNOLDS).  SAN  DIEGO,  CA;  CODE  4450A  (T. 
RAMON),  PENSACOLA,  FL;  CODE  SOSA,  OAKLAND,  CA 
PWD  /  REY,  CORPUS  CHRISTI,  TX 
SEATTLE  UNIV  /  CE  DEPT  (SCHWAEGLER) ,  SEATTLE,  WA 
SOUTHNAVFACENGCOM  /  CODE  04A.  CHARLESTON,  SC 
S0WESTNAVFACEN6C0M  /  CODE  101.1,  SAN  DIEGO,  CA 
STATE  UNIV  OF  NEW  YORK  /  CE  DEPT,  BUFFALO,  NY 
TEXAS  AH  UNIVERSITY  /  KRISHNAMOHAN,  COLLEGE  STATION,  TX 
UNIV  OF  NEW  MEXICO  /  NMERI  (FALK),  ALBUQUERQUE,  NH 
UNIV  OF  PITTSBURGH  /  HOLLAND,  PITTSBURGH,  PA 
UNIV  OF  TEXAS  /  CONSTRUCTION  INDUSTRY  INST,  AUSTIN,  TX 
UNIV  OF  WASHINGTON  /  ENGRG  COL  (CARLSON),  SEATTLE,  WA 
USAE  /  CEWES-IM-MI-R,  VICKSBURG,  MS 

WESTNAVFACENGCOM  /  CODE  1B22SC,  SAN  BRUNO,  CA;  VALDEMORO,  SAN  BRUNO,  CA 


DL-2 


DISTRIBUTION  QUESnONNAIRE 

Th«  Naval  Civil  Engineering  Laboratory  la  reviatng  ita  prinnuy  dialrlbiition  lists. 


SUBJECT  CATEOOmeS 


1  SHORE  FAaUTIES 

1A  Construction  methods  and  matwials  (including  oorrosion 
control,  coatings) 

1B  Wateriront  stnicttaes  (maintenance/deterioration  oontroO 
1C  Utilities  (Inchxiing  power  conditioning) 

10  Explosives  safety 
IE  Aviation  Engineering  Test  Facilities 
IF  Fire  prevention  and  control 
1G  Antenna  teehnoiogy 

1 H  Structural  analysis  and  design  (including  numerical  and 
computer  techniques) 

1J  Protective  construction  (including  hardened  shelters,  shock 
and  vliration  studies) 

IK  SoiKrock  mechanics 
1L  Airtieids  and  pavements 
1M  Physical  security 

2  ADVANCED  BASE  AND  AMPHIBIOUS  PAaLITIES 

2A  Base  fadiSies  (including  shelters,  power  generation,  water 
supplies) 

2B  Expedient  roads/airfields/bridges 
2C  Over-the-Oeach  operations  (including  breakwaters,  wave 
forces) 

20  POL  storage,  transfer,  and  distribution 
2E  Polar  engineering 

3  ENERGY/POWER  GENERATION 

3A  Thermal  conservation  (thermal  engineering  of  buildings, 
HVAC  systems,  energy  loss  measurement,  power 
generation) 

3B  Controls  and  electrical  conservation  (electrical  systems, 
e'li'qy  monitoring  and  control  systems) 

3C  Fuel  flexibility  (liquid  fuels,  coal  utilization,  energy  from  soiid 

waste) 


3D  AMemate  energy  source  (geothermal  power,  photovoltaic 
power  systems,  solar  systems,  wind  systems,  energy 
storage  systems) 

3E  Stte  data  and  systems  Msgration  (energy  resource  data, 
intaipating  energy  systems) 

3F  EMCS  design 

4  BtVmONMBnAL  PROTECTION 
4A  Solid  waste  management 

48  HazaniouaAoxle  materials  management 
4C  Waterwaste  management  and  sanitary  engineering 
40  OE  pollution  removal  and  recovery 
4E  AIrpoEidion 
4F  Noise  abatement 

5  OCEAN  aiQniEERING 

5A  Seafloor  soEs  and  foundations 
SB  Seafloor  construction  systems  and  operations  (including 
diver  and  manipulator  tools) 

SC  Undersaa  structures  and  materials 
50  Anchors  and  moorings 

5E  Undersaa  power  systems,  electromechanical  cables,  and 
connectors 

5F  Pressure  vessel  iacEEies 

5G  Physical  environment  (Including  sEe  surveying) 

5H  Ocean-based  concrete  structures 

5J  Hyperbaric  chambers 

5K  Undersea  cable  dynamics 

ARMYFEAP 

BOG  Shore  FacSEIas 

NRG  Energy 

B4V  Envsonmental/Natural  Responses 

M(3T  Management 

PRR  Pavements/Raiiroads 


TYPES  OF  DOCUMENTS 

D  -  Techdata  Sheets;  R  -  Technical  Reports  and  Technical  Notes;  G  -  NCEL  Guides  and  Abstracts;  I  •  Index  to  TDS;  U  -  User 
Guides;  G  None  •  remove  my  name 


Old  Address: 


New  Address: 


.'sM®::'hone  No.: 


Telephone  No.: 


INSTRUCTIONS 


The  Naval  Civi  Engineering  Laboratory  has  revised  its  primary  dbtrtxaion  ists.  To  help  us  verify 
our  records  and  update  our  data  base,  please  do  the  folOMing: 

•  Add -arde  number  on  list 

•  Remove  my  name  from  an  your  ists -check  box  on  ist 

•  Change  my  address -ine  out  incorrect  ine  and  vvrite  in  oonection 
(DO  NOT  REMOVE  LABEL). 

•  Number  of  copies  should  be  entered  ^ter  the  titte  of  the  subject  categories 
you  select. 

•  Are  we  sencing  you  the  correct  t^  of  documer«?  If  naLcirciethetype{s)of 
document(s)  you  want  to  receive  Ested  on  the  back  of  this  catxl 


Fokionlii».tUpl».  and  drap  in  mM. 


DEPARTMENT  OF  THE  NAVY 
Naval  Civil  Enginawing  Laboratory 
Seo  Laboratory  Oriva 
PortHuanama  CA83043>4328 


Official  Businaaa 

Panalty  for  Private  Use,  S300 


BUSINESS  REPLY  CARD 

FIRST  CLASS  PERMIT  NO.  12503  WASH  D.C. 


POSTAGE  WILL  BE  PAID  BY  ADDRESSEE 


NOPOSTAOK 

WECgSiaWY 

muMUSD 

MTHE 

UNtriO  STATES 


COMMANDING  OFFICER 
CODE  L34 

560  LABORATORY  DRIVE 

NAVAL  CIVIL  ENGINEERING  LABORATORY 

PORT  HUENEME  CA  93043-4328 


NCEL  DOCUMENT  EVALUATION 

You  are  number  one  wSh  us;  how  do  we  rate  with  you? 


We  at  NCEL  want  to  provide  you  our  customer  the  best  posstole  reports  but  we  need  your  help.  Therefore.  I  ask  you 

to  please  take  the  time  from  your  busy  schedule  to  fill  out  this  questionnaire.  Y  our  response  wiH  assist  us  in  providing 
the  best  reports  possible  for  our  users.  I  wish  to  thank  you  in  advance  for  your  assistance.  I  assure  you  that  the 
irrformation  you  provide  will  help  us  to  be  more  respot^ive  to  your  future  needs. 


R.  N.  STORER,  Ph.D.  P.E. 
Technical  Director 


DOCUMENT  NO. 


TITLE  OF  DOCUMENT: 


SA  A  N  D  SD 

1.  The  technical  quality  of  the  report  ()()()()() 
is  comparable  to  most  of  my  other 

sources  of  technical  infonnation. 

2.  The  repon  will  make  signiHcant  ()()()()() 
improvements  in  the  cost  and  or 

performance  of  my  operation. 

3.  The  report  acknowledges  related  ()()()()() 
work  accomplished  by  others. 

4.  The  report  is  well  formatted.  ( )  ()  ( )  ()  ( ) 

5.  The  report  is  clearly  written.  ( )  ()  ( )  ( )  ( ) 


SA  A  N  D  SD 

6.  The  conclusions  and  recommenda-  ()()()()() 
tions  are  clear  and  directly  sup¬ 
ported  by  the  contents  of  the 

report 

7.  The  graphics,  tables,  and  photo-  ()()()()() 
graphs  are  well  done. 


Please  add  any  comments  (e.g..  in  what  ways  can  we 
improve  the  quality  of  our  reports?)  on  the  back  of  this 
form. 


